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(54) Vehicle wheel information supply device and wheel tire abnormality indicating device 



(57) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel (10) of a vehicle, including a wheel state detector 
(12, 14, 108) for detecting the state of the wheel, a 
wheel information generator (16, 100, 156) for generat- 
ing the wheel information relating to the state of the 
wheel, on the basis of an output of the wheel state 
detector, a transmitter for transmitting the wheel infor- 
mation, and a receiver (28) which receives the wheel 
information transmitted by the transmitter, the wheel 
state detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 
receiver being disposed on a body of said vehicle, 
wherein the wheel information generator is capable of 
selectively generating different kinds of wheel informa- 
tion having respective different volumes, and at least 
one of the wheel information generator and the trans- 
mitter (18, 166, 208) operates in a manner which 
changes depending upon at least one parameter indic- 
ative of the state of the wheel (10), which at least one 
parameter is detected by the wheel state detector. 
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Description 

[0001] This application is based on Japanese Pat- 
ent Application Nos. 10-370413 filed December 25, 
1998 and 1 1-225421 filed August 9, 1999, the contents s 
of which are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention w 

[0002] The present invention relates to a vehicle 
wheel information supply device for supplying wheel 
information relating to a state of a wheel of a vehicle, 
which device includes a transmitter disposed on the is 
wheel and a receiver disposed on the body of the vehi- 
cle. The present invention is also concerned with a 
wheel tire abnormality indicating device which includes 
such a wheel information supply device, and an indica- 
tor operated in response to an output of the vehicle 20 
wheel information supply device, to indicate an abnor- 
mality of a tire of the vehicle wheel. 

Discussion of the Related Art 

25 

[0003] JP-U-5-1 3802 discloses an example of such 
kind of vehicle wheel information supply device in the 
form of a tire air pressure information supply device 
adapted to supply tire air pressure information indicat- 
ing whether an air pressure in a tire of a wheel of an 30 
automotive vehicle is normal or not. This tire air pres- 
sure information supply device includes an air pressure 
detector disposed on the vehicle wheel to detect the air 
pressure of the wheel tire, an air pressure information 
transmitter also disposed on the vehicle wheel to trans- 35 
mit the tire air pressure information, and an air pressure 
information receiver disposed on the vehicle body to 
receive the tire air pressure information transmitted by 
the air pressure information transmitter. Based on an 
output of the air pressure detector, the air pressure 40 
information transmitter intermittently transmits a pulse 
signal of a predetermined pattern when the output indi- 
cates that the tire air pressure is normal, and continu- 
ously transmits a pulse signal of another predetermined 
pattern when the output indicates that the tire air pres- 45 
sure is abnormal. Thus, the air pressure information 
transmitter in the tire air pressure information supply 
device described above is adapted to transmit a pulse 
signal in different patterns where the tire air pressure is 
normal and where it is abnormal. so 
[0004] The air pressure information receiver dis- 
posed on the vehicle body includes a receiving portion 
including an antenna. The air pressure information 
transmitter disposed on the vehicle wheel is rotated with 
the vehicle wheel, so that a distance between this trans- 55 
mitter and the receiving portion of the air pressure infor- 
mation receiver periodically changes, causing a 
periodic change in the amplitude or intensity of the sig- 



nal received by the receiver. When the distance is rela- 
tively large, the signal-to-noise ratio (SN ratio) is 
relatively low, and the receiver may not receive the sig- 
nal whose intensity is high enough to correctly repre- 
sent the air pressure information. Where the time period 
required for the transmitter to transmit the air pressure 
information is relatively long, the probability of incorrect 
reception of the information is lower due to an influence 
of the noise on a part of the information than where the 
time period is relatively short. Accordingly the probabil- 
ity of correct reception of the entire information by the 
receiver ("reception ratio") is lowered with an increase in 
the time period of the transmission. In the tire air pres- 
sure information supply device disclosed in the above- 
identified publication, the time period of the transmis- 
sion where the tire air pressure is normal is the same as 
that where the tire air pressure is abnormal. The recep- 
tion ratio is lower when the rotating speed of the vehicle 
wheel is relatively high than when the rotating speed is 
relatively low, provided the time period of the transmis- 
sion and the noise level are constant. This is because 
the ratio of the time period required to transmit a series 
of the air pressure information to the time period 
required for one revolution of the wheel increases with 
an increase in the rotating speed of the wheel. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of this invention to 
provide a vehicle wheel information supply device capa- 
ble of increasing, as needed, a ratio of reception by a 
receiver disposed on the vehicle body, of vehicle wheel 
information transmitted from a transmitter disposed on a 
wheel of the vehicle. 

[0006] Another object of the invention is to provide a 
vehicle wheel tire abnormality indicating device which 
includes such a vehicle wheel information supply 
device. 

[0007] One of the above objects may be achieved 
according to any one of the following modes of the 
invention, each of which is numbered like the appended 
claims and depends from the other mode or modes, 
where appropriate, to indicate possible combinations of 
elements or technical features. However, it is to be 
understood that the invention is not limited to the modes 
described below and that any one of technical features 
recited in any one of the modes may be a subject matter 
of this invention. 

(1) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel of a vehicle, including a wheel state detector 
for detecting the state of the wheel, a wheel infor- 
mation generator for generating the wheel informa- 
tion relating to the state of the wheel, on the basis 
of an output of the wheel state detector, a transmit- 
ter for transmitting the wheel information, and a 
receiver which receives the wheel information 
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transmitted by the transmitter, the wheel state 
detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 
receiver being disposed on a body of the vehicle, 
wherein the wheel information generator is capable 5 
of selectively generating different kinds of wheel 
information having respective different volumes, 
and at least one of the wheel information generator 
and the transmitter operates in a manner which 
changes depending upon at least one parameter 10 
indicative of the state of the wheel, which at least 
one parameter is detected by the wheel state 
detector. 

In the vehicle wheel information supply device, 
the wheel information relating to the state of the 15 
vehicle wheel is generated by the wheel information 
generator on the basis of the output of the wheel 
state detector, and is transmitted by the transmitter 
to the receiver disposed on the vehicle body. The 
wheel information generator is capable of selec- 20 
tively generating different kinds of wheel informa- 
tion having respective different volumes. At least 
one of the wheel information generator and the 
transmitter operates in a manner depending upon 
at least one parameter indicative of the wheel state 25 
detected by the wheel state detector. Namely, at 
least one of the information generating mode of the 
wheel information generator and the information 
transmitting mode of the transmitter is changed 
depending upon the at least one parameter 30 
detected by the wheel state detector, such as the 
tire air pressure and temperature and the rotating 
speed of the wheel. 

For instance, the wheel information generator 
generates the wheel information such that the vol- 35 
ume of the generated wheel information changes 
depending upon the detected at least one parame- 
ter indicative of the wheel state, such as the tire air 
pressure or the rotating speed of the wheel. For 
example, the volume of the generated wheel infor- 40 
mation is made smaller when the detected tire air 
pressure is lower than a predetermined threshold, 
than when the tire air pressure is not lower than the 
threshold. Alternatively, the volume of the gener- 
ated wheel information is made smaller when the 45 
detected wheel speed is higher than a predeter- 
mined threshold, than when the wheel speed is not 
higher than the threshold. The volume of the wheel 
information generated by the wheel information 
generator may decrease with a decrease in the tire so 
air pressure or an increase in the rotating speed of 
the wheel. 

When the volume of the wheel information gen- 
erated by the wheel information generator is rela- 
tively small, the time required for the transmitter to 55 
transmit the generated wheel information is shorter, 
resulting in a higher ratio of reception of the trans- 
mitted wheel information by the receiver, than when 



the volume of the generated wheel information is 
relatively large. The shorter time required for trans- 
mitting the wheel information means an accordingly 
shorter time before the receiver disposed on the 
vehicle body has received the transmitted wheel 
information. The increased ratio of reception of the 
transmitted wheel information by the receiver 
means a reduced number of times of transmission 
of the wheel information required before the 
receiver correctly receives the wheel information. In 
this respect, too, the time before the receiver has 
received the wheel information is reduced. 

The manner of operation of the transmitter to 
transmit the generated wheel information may 
change depending upon the detected state of the 
wheel. For instance, the number of times of trans- 
mission of the wheel information by the transmitter, 
and/or the frequency of transmission per unit of the 
wheel information by the transmitter may be 
changed depending upon the detected state of the 
wheel. Where the different kinds of wheel informa- 
tion having the respective different volumes gener- 
ated by the wheel information generator are 
transmitted by the transmitter, the proportion of the 
numbers of times of transmission of those different 
kinds of wheel information may be changed 
depending upon the detected wheel state. Further, 
at least one of the different kinds of wheel informa- 
tion may be selected depending upon the detected 
wheel state. 

For instance, the transmitter transmits the gen- 
erated wheel information such that the number of 
times or frequency of transmission of the wheel 
information is larger or higher when the detected air 
pressure of the wheel tire is lower than a predeter- 
mined threshold, than when the detected tire air 
pressure is not lower than the threshold. Alterna- 
tively, the number of times or frequency of transmis- 
sion of the wheel information increases with a 
decrease in the tire air pressure, for example. Fur- 
ther, two kinds of wheel information having different 
volumes may be alternately transmitted when the 
detected tire air pressure is lower than a predeter- 
mined threshold, and only the wheel information 
having the larger volume is transmitted when the 
detected tire air pressure is not lower than the 
threshold. Of course, the manner of transmission of 
the wheel information by the transmitter may 
change with a change in the detected rotating 
speed of the wheel. 

When the wheel information is transmitted two 
or more times or at a relatively high frequency, the 
reception ratio of the transmitted information can be 
made higher than when the wheel information is 
transmitted only once or at a relatively low fre- 
quency. If two or more kinds of wheel information 
having different volumes are transmitted succes- 
sively upon each operation of the transmitter, the 
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reception ratio of at least one of these plurality of 
wheel information can be made higher than when 
only one kind of wheel information is transmitted. 

A wheel speed detector for detecting the rotat- 
ing speed of the wheel may be disposed on either 5 
the vehicle body or the wheel itself. Where data 
communication between the transmitter and the 
receiver is effected by directional ly, the wheel 
speed detector can be disposed on the vehicle 
body. Where the data communication is possible in w 
only one direction from the transmitter to the 
receiver, the wheel speed detector must be dis- 
posed on the wheel. Where the wheel speed detec- 
tor is disposed on the vehicle body, the detector 
may be an electromagnetic pick-up type including a is 
detecting portion which is adapted to detect the 
rotating speed of a rotor which rotates with the 
wheel. Where the wheel speed detector is disposed 
on the wheel itself, the detector may include a cen- 
trifugal force detecting portion adapted to detect the 20 
centrifugal force generated during rotation of the 
wheel. The centrifugal detecting portion may be 
disposed on the tire of the wheel, or a portion of the 
wheel at which the tire is held, such that the detect- 
ing portion detects a radial force acting on a weight. 25 
This centrifugal detecting portion may be a strain 
gage, a piezoelectric element or any other element 
capable of generating an electric signal which rep- 
resents the centrifugal force, which in turn repre- 
sents the rotating speed of the wheel. 30 

The wheel information relating to the state of 
the wheel includes: wheel state information indica- 
tive of the state of the wheel; wheel state change 
information indicative of a rate of change of the 
wheel state with the time; and wheel state assess- 35 
ment information indicative of an assessment of the 
wheel state. The assessment of the wheel state 
may be an indication as to whether a parameter 
indicative of the wheel state exceeds a predeter- 
mined threshold, or whether a rate of change of the 40 
parameter exceeds a predetermined threshold. 
Described in detail, the wheel state detector may 
include an air pressure detector adapted to detect 
the air pressure of the tire of the wheel, a tire tem- 
perature detector adapted to detect the tempera- 45 
ture of the wheel tire, a tire deformation detector 
adapted to detect the shape or deformation of the 
wheel tire, and a wheel speed detector adapted to 
detect the rotating speed of the wheel. The wheel 
information relating to the air pressure of the wheel so 
tire may include: air pressure information indicative 
of the tire air pressure; air pressure reduction rate 
information indicative of a rate of reduction of the 
tire air pressure; air pressure assessment informa- 
tion indicative of whether the tire air pressure is nor- 55 
mal; and abrupt air pressure reduction information 
indicating that the tire air pressure is lowered at a 
rate higher than a predetermined threshold. The 



wheel information relating to the temperature of the 
wheel tire may include: tire temperature information 
indicative of the temperature of the tire; tire temper- 
ature rise rate information indicative of a rate of rise 
of the tire temperature; excessive tire temperature 
rise information indicating that the tire temperature 
is higher than a predetermined upper limit; and an 
abrupt tire temperature rise information indicating 
that the tire temperature is rising at a rate higher 
than a predetermined threshold. The wheel infor- 
mation relating to the shape or deformation of the 
tire may include: tire deformation information indic- 
ative of a deformation of the tire; excessive tire 
deformation information indicative of an excessive 
amount of deformation of the tire; and other sorts of 
information as described above with respect to the 
tire air pressure and temperature. The wheel infor- 
mation relating the rotating speed of the wheel may 
include wheel speed information indicative of the 
rotating speed of the wheel. 

(2) A vehicle wheel information supply device 
according to the above mode (1), wherein the 
wheel information generator operates in a manner 
which changes depending upon the at least one 
parameter indicative of the state of the wheel. 

In the vehicle wheel information supply device 
according to the above mode (2), the wheel infor- 
mation generator generates the wheel information 
in the manner which depends upon the above-indi- 
cated at least one parameter of the wheel state 
detected by the wheel state detector, and the thus 
generated wheel information is transmitted by the 
transmitter according to a predetermined rule. The 
transmitter may be adapted to transmit the wheel 
information each time the wheel information is gen- 
erated by the wheel information generator, or trans- 
mit the generated wheel information a plurality of 
times successively. Where the generator is adapted 
to generate different kinds of wheel information at 
one time, the transmitter may transmit these kinds 
of wheel information successively, or transmit each 
of these kinds of wheel information a predeter- 
mined number of times. 

(3) A vehicle wheel information supply device 
according to the above mode (1) or (2), wherein the 
wheel information generator comprises a first wheel 
information generating portion for generating first 
wheel information having a first volume, and a sec- 
ond wheel information generating portion for gener- 
ating second wheel information having a second 
volume smaller than the first volume, the first and 
second wheel information generating portions 
being activated to generate the first wheel informa- 
tion and the second wheel information as the differ- 
ent kinds of wheel information, depending upon the 
above-indicated at least one parameter indicative of 
the state of the wheel detected by said wheel state 
detector. 
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In the vehicle wheel information supply device 
according to the above mode (3), the first or second 
wheel information is generated by the first or sec- 
ond wheel information generating device, depend- 
ing upon the at least one parameter of the wheel 5 
state detected by the wheel state detector. The vol- 
ume of the second wheel information generated by 
the second wheel information generating portion is 
smaller than that of the first wheel information gen- 
erated by the first wheel information generating por- 10 
tion, so that the time required for the transmitter to 
transmit the second wheel information is shorter 
than the time required for the transmitter to transmit 
the first wheel information, whereby the second 
wheel information has a higher ratio of reception by 75 
the receiver. 

The wheel information generator may further 
comprise at least one additional wheel information 
generating portion, for example, third and fourth 
wheel information generating portions, in addition 20 
to the first and second wheel information generat- 
ing portions indicated above. 
(4) A vehicle wheel information supply device 
according to the above mode (3), wherein the sec- 
ond wheel information generating portion is acti- 25 
vated when a value of each of the above-indicated 
at least one parameter becomes larger or smaller 
than a predetermined threshold, the at least one 
parameter being selected from a plurality of param- 
eters including a rotating speed of the wheel. so 

The threshold value of the wheel state parame- 
ter may be an upper or lower limit above or below 
which the state of the wheel is considered to be 
abnormal and the operator of the vehicle must be 
informed of this abnormality. Alternatively, the 35 
threshold value may be an upper or lower limit 
above or below which there is a high probability that 
the wheel state will be abnormal in a short time. 
The plurality of parameters from which the above- 
indicated at least one parameter is selected may 40 
include a wheel state quantity directly indicative of 
the state of the wheel, a rate of change of the wheel 
state quantity, and a quantity which changes with 
the wheel state quantity. The second wheel infor- 
mation generated by the second wheel information 45 
generating portion when the parameter value 
becomes higher or lower than the threshold value 
has a higher ratio of reception by the receiver, since 
the volume of the second wheel information is rela- 
tively small. 50 

Where the second wheel information generat- 
ing portion is activated when the state of the wheel 
is determined to be abnormal, the second wheel 
information generating portion is considered as an 
abnormal wheel information generating portion 55 
adapted to generate abnormal wheel information 
indicative of an abnormal state of the wheel. Since 
the second wheel information is required to be 



received by the receiver with a comparatively high 
reception ratio, the second wheel information gen- 
erating portion may be considered as a wheel infor- 
mation generating portion which is activated when 
the wheel information is required to be received 
with a high reception ratio. Since the abnormal 
wheel information generated when the wheel state 
is abnormal is more important and is required to be 
more urgently received by the receiver than normal 
wheel information indicative of the normal state of 
the wheel, the second wheel information generating 
portion may be considered to be a wheel informa- 
tion generating portion adapted to generate impor- 
tant or emergency wheel information. 

As indicated above, the ratio of reception of the 
wheel information by the receiver is relatively low 
when the rotating speed of the wheel is relatively 
high. Where the second wheel information generat- 
ing portion is activated to generate the second 
wheel information having the relatively small vol- 
ume when the rotating speed of the wheel becomes 
higher than a predetermined threshold, the recep- 
tion ratio of the wheel information (second wheel 
information) can be maintained relatively high. In 
this respect, the second wheel information may be 
considered to be high-speed wheel information 
generated when the wheel speed is relatively high. 

(5) A vehicle wheel information supply device 
according to the above mode (3) or (4), wherein the 
above-indicated at least one parameter includes a 
rotating speed of the wheel, and the second wheel 
information generating portion is activated when 
the rotating speed of the wheel becomes higher 
than a predetermined threshold. 

(6) A vehicle wheel information supply device 
according to any one of the above modes (3)-(5), 
wherein the wheel information generator further 
comprises commanding means for activating the 
second wheel information generating portion when 
a value of each of the above-indicated at least one 
parameter becomes larger or smaller than a prede- 
termined threshold, and the at least one parameter 
is selected from a plurality of parameters including 
a rotating speed of the wheel. 

In the vehicle wheel information supply device 
according to the above mode (6) wherein the sec- 
ond wheel information generating portion is acti- 
vated by the commanding means when the value of 
each of the above-indicated at least one parameter 
of the wheel state becomes larger or smaller than 
the threshold (when the wheel state is not normal), 
the commanding means may be adapted to activate 
the first wheel information generating portion in the 
other or normal state of the wheel. In this case, the 
first and second wheel information generating por- 
tions are selectively activated depending upon the 
value of the parameter(s) as compared with the 
threshold. In this respect, the commanding means 



5 



9 



EP1 013 483 A2 



10 



may be considered to be selecting means for selec- 
tively activating the first and second wheel informa- 
tion generating portions. The commanding means 
may be adapted to activate only the first wheel 
information generating portion when the wheel 5 
state is normal, and activate both of the first and 
second wheel information generating portions 
when the wheel state is not normal. 

(7) A vehicle wheel information supply device 
according to any one of the above modes (3)-(6), 10 
wherein the first and second wheel information gen- 
erating portions are both activated to generate the 
first wheel information and the second wheel infor- 
mation when a value of each of the above-indicated 

at least one parameter becomes larger or smaller 15 
than a predetermined threshold, the at least one 
parameter being selected from a plurality of param- 
eters including a rotating speed of the wheel, the 
transmitter transmitting the first and second wheel 
information successively to the receiver. 20 

The ratio of reception of at least one of the first 
and second wheel information by the receiver when 
the first and second wheel information are succes- 
sively transmitted by the transmitter is higher the 
ratio of reception of only one of the first and second 25 
wheel information by the receiver. The first wheel 
information may include a part of the second wheel 
information or information that can be used by the 
receiver to generate the second wheel information. 
Where this first wheel information and the second 30 
wheel information are successively transmitted at a 
predetermined time interval or with a predeter- 
mined cycle time, the second wheel information or 
the information that can be used to generate the 
second wheel information can be correctly received 35 
by the receiver at an earlier point of time with higher 
probability, than in the case where only one of the 
first and second wheel information is repeatedly 
transmitted at the same time interval. 

(8) A vehicle wheel information supply device 40 
according to any one of the above modes (3)-(7), 
wherein the second wheel information generating 
portion is activated when the above-indicated at 
least one parameter detected by the wheel state 
detector indicates an abnormal state of the wheel, 45 
the second wheel information including abnormality 
data indicative of the abnormal state of the wheel 
and not including any wheel state quantity data 
indicative of the state of the wheel. 

In the vehicle wheel information supply device so 
according to the above mode (8), the second wheel 
information generated by the second wheel infor- 
mation generating portion includes the abnormality 
data but does not include any wheel state quantity 
data, so that the volume of the wheel information 55 
transmitted when the wheel state is abnormal is 
reduced to a required minimum for increasing the 
reception ratio of the wheel information (second 



wheel information). 

(9) A vehicle wheel information supply device 
according to any one of the above modes (1)-(8), 
wherein the different kinds of wheel information 
include at least one kind of information each of 
which includes primary information indicative of the 
state of the wheel, and ancillary information, the pri- 
mary information and the ancillary information 
being transmitted by the transmitter as a unit of 
information. 

(10) A vehicle wheel information supply device 
according to the above mode (9), wherein the ancil- 
lary information include header/trailer information 
indicative of at least one of opposite ends of the unit 
of information. 

The primary information and the ancillary infor- 
mation cooperate to constitute a unit of information 
which is transmitted to the receiver at one time. The 
volume of the second wheel information can be 
reduced by reducing at least one of the volumes of 
the primary information and the ancillary informa- 
tion of the second wheel information, as compared 
with the volumes of the primary and ancillary infor- 
mation of the first wheel information. 

Where the volume of the primary information of 
the second wheel information is reduced, the 
number of items represented by the primary infor- 
mation is reduced, but the total volume of the sec- 
ond wheel information is reduced. For instance, the 
primary information of the first wheel information 
may include air pressure data representative of an 
air pressure in a tire of the wheel, and a tire temper- 
ature data representative of a temperature of the 
tire. In this case, the second wheel information may 
be formulated such that the primary information 
includes only the air pressure data and does not 
include the tire temperature data. The second 
wheel information may include only abnormality 
data indicating that the wheel state is abnormal. 

The ancillary information may include 
header/trailer data indicative of at least one of the 
opposite ends of the unit of information. The 
header/trailer data may include at least one of 
header data indicative of the leading end of the unit 
of information, and trailer data indicative of the trail- 
ing end of the unit of information. The ancillary data 
may include identification data which identify the 
transmitter from which the wheel information includ- 
ing the identification data is transmitted to the 
receiver. The volume of the identification data gen- 
erally increases with an increase in the accuracy 
with which the transmitter can be identified by the 
identification data. Although the accuracy of identi- 
fication of the identification data need not be so 
high, the identification data are considered essen- 
tial to prevent the receiver from receiving wheel 
information from a transmitter provided on another 
vehicle which exists near the receiver on the vehicle 
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in question. The ancillary information may further 
include transmission state data indicating a state of 
transmission of the wheel information from the 
transmitter disposed on the vehicle wheel. For 
example, the transmission state information 5 
includes data indicating whether the transmitter is 
normal or abnormal, and data indicative of a volt- 
age of a battery provided in the transmitter, or data 
indicative of a surplus voltage which is a difference 
between the actual voltage of the battery and a volt- w 
age required to normally operate the transmitter. 
The identification data and the transmission state 
data, which are not so important or essential, may 
not be included in the wheel information, or the vol- 
umes of the identification data and the transmission 15 
state data may be reduced, so that the volume of 
the ancillary data is reduced. Similarly, the header 
data and the trailer data may not be included in the 
wheel information, or the volumes of the header 
and trailer data may be reduced. 20 

Data included in at least one of the different 
kinds of wheel information may serve as both the 
primary data and the ancillary data. For instance, 
data indicating whether the wheel state is normal or 
abnormal may serve as the trailer data indicative of 25 
the trailing end of the unit of information (wheel 
information). Namely, where normal wheel informa- 
tion generated when the wheel state is normal and 
abnormal wheel information generated when the 
wheel state is abnormal have different volumes 30 
which are registered in the receiver, the trailer data 
which constitute at least a part of the ancillary infor- 
mation and which indicate the total volume of the 
wheel information may be considered as data 
which indicate whether the wheel state is normal or 35 
abnormal and which constitute at least a part of the 
primary information. In this case, the same data 
included in the wheel information (normal wheel 
information or abnormal wheel information) serve 
as both the ancillary data and the primary data. 40 
(11) A vehicle wheel information supply device 
according to any one of the above modes (1)-(10), 
wherein at least one of the wheel information gen- 
erator and the transmitter operates in one of a plu- 
rality of different modes which is selected 45 
depending upon a rotating speed of the wheel 
which is detected by the wheel state detector. 

In the device according to the above mode 
(11), at least one of the wheel information generator 
and the transmitter operates in one of the two or so 
more different modes which is selected depending 
upon the detected speed of the wheel. For 
instance, the generator operates in a selected of a 
plurality of wheel information generating modes or 
patterns in which different kinds of wheel informa- 55 
tion having respective different volumes are gener- 
ated, respectively. Alternatively, the transmitter 
operates in a selected one of wheel information 



transmitting modes or patterns in which wheel infor- 
mation generated by the generator is transmitted in 
respective different manners. Further alternatively, 
the generator and the transmitter operate in a 
selected one of a plurality of combinations of a 
wheel information generating mode and a wheel 
information transmitting mode. 

The different kinds of wheel information gener- 
ated in the respective wheel information generating 
modes may have respective different volumes cor- 
responding to respective ranges of the wheel 
speed. Alternatively, the generator may be adapted 
to generate two kinds of wheel information having 
respective different volumes when the wheel speed 
is higher than a predetermined upper limit, and only 
one of the two kinds of wheel information which has 
the larger volume when the wheel speed is not 
higher than the upper limit. Where the wheel infor- 
mation generator comprises a first wheel informa- 
tion generating portion for generating first wheel 
information having a relatively large volume and a 
second wheel information generating portion for 
generating second wheel information having a rela- 
tively small volume, these first and second wheel 
information generating portions are selected and 
activated in respective two different wheel informa- 
tion generating modes of the generator depending 
upon whether the wheel speed is higher than the 
upper limit or not. 

The different wheel information transmitting 
modes may consist of a mode in which wheel infor- 
mation generated by the generator is transmitted a 
first number of times (N + a) when the detected 
wheel speed is higher than a predetermined upper 
limit, and a mode in which the generated wheel 
information is transmitted a second number of 
times (N) which is smaller than the first number of 
times (N + a). Where the wheel information gener- 
ator generates first and second wheel information 
having relatively large and small volumes, respec- 
tively, the different wheel information transmitting 
modes may consist of a mode in which the first and 
second wheel information are both transmitted 
when the detected wheel speed is higher than a 
predetermined upper limit, and a mode in which 
only the first wheel information is transmitted when 
the wheel speed is not higher than the upper limit. 
The transmitter may include a plurality of wheel 
information transmitting portions which are adapted 
to transmit the generated wheel information respec- 
tive different numbers of times or at respective dif- 
ferent frequencies, or respective different kinds of 
wheel information having respective different vol- 
umes. These plurality of wheel information trans- 
mitting portions are selectively activated in 
respective different modes of operation of the trans- 
mitter, depending upon the detected speed of the 
wheel. Other operation modes of the transmitter will 
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be described in the DETAILED DESCRIPTION OF 
THE PREFERRED EMBODIMENTS given below. 

The plurality of combinations of the wheel infor- 
mation generating mode and the wheel information 
transmitting mode may consist of a combination in 5 
which first wheel information having a relatively 
small volume is generated by the generator and is 
transmitted by the transmitter a first number of 
times (N + a) when the detected wheel speed is 
higher than a predetermined upper limit, and a w 
combination in which second wheel information 
having a relatively large volume is generated and is 
transmitted a second number of times (N) smaller 
than the first number of times when the wheel 
speed is not higher than the upper limit. is 

The above indicated different wheel informa- 
tion generating modes, wheel information transmit- 
ting modes and combinations of wheel information 
generating and transmitting modes may be selec- 
tively established depending upon any parameter 20 
other than the wheel speed, such as tire air pres- 
sure of the wheel. 

(12) A vehicle wheel information supply device 
according to any one of the above modes (1)-(1 1), 
wherein the wheel information generator comprises 25 
normal-frequency wheel information generating 
portion for generating the wheel information at a 
predetermined first frequency and a high-fre- 
quency wheel information generating portion for 
generating the wheel information at a predeter- 30 
mined second frequency higher than the first fre- 
quency, the first and second wheel information 
generating portions being activated to generate the 
first wheel information and the second wheel infor- 
mation as the different kinds of wheel information, 35 
depending upon the above-indicated at least one 
parameter indicative of the state of the wheel 
detected by the wheel state detector. 

For example, the wheel information is gener- 
ated by the normal-frequency wheel information 40 
generating portion at the first frequency when a 
value of each of the above-indicated at least one 
parameter detected by the wheel state detector is 
not larger or smaller than a predetermined thresh- 
old, and by the high-frequency wheel information 45 
generating portion at the second frequency when 
the value is larger or smaller than the threshold. In 
this case, the wheel information generated by the 
high-frequency wheel information generating por- 
tion is transmitted at a relatively high frequency, so so 
that the ratio of reception of this wheel information 
by the receiver is increased. 

Where the at least one parameter consists of a 
rotating speed of the wheel, the wheel information 
is generated by the high-frequency wheel informa- 55 
tion generating portion when the speed of the 
wheel is higher than a predetermined upper limit, 
so as to prevent reduction of the ration of reception 



of the wheel information by the receiver when the 
wheel speed is relatively high. 

It will be understood that the feature according 
to the above mode (12) is available independently 
of the feature according to any one of the above 
modes (1)-(1 1). 

(13) A vehicle wheel information supply device 
according to any one of the above modes (1)-(12), 
wherein the transmitter operates in a manner which 
changes depending upon the at least one parame- 
ter indicative of the state of the wheel detected by 
the wheel state detector. 

In the device according to the above mode 

(13) , the wheel information generated by the wheel 
information generator according to a predeter- 
mined rule is transmitted by the transmitter oper- 
ated in the manner determined by the above- 
indicated at least one parameter of the wheel state 
detected by the wheel state detector. For instance, 
the transmitter may be operated in one of the fol- 
lowing modes: a mode in which the number of times 
of transmission of the generated wheel information 
changes depending upon the detected at least one 
parameter; a mode in which the frequency at which 
the generated wheel information is transmitted 
changes depending upon the detected at least one 
parameter; a mode in which the proportion of gen- 
erated different kinds of wheel information having 
respective different volumes to be transmitted 
changes depending upon the detected at least one 
parameter; and a mode in which one of the gener- 
ated different kinds of wheel information which is to 
be transmitted is selected depending upon the 
detected at least one parameter. 

(14) A vehicle wheel information supply device 
according to any one of the above modes (1)-(13), 
wherein the transmitter comprises transmission 
controlling means for controlling the number of 
times of transmission of the wheel wheel informa- 
tion such that the number of times of transmission 
is larger when a value of each of the above-indi- 
cated at least one parameter indicative of the state 
of the wheel detected by the wheel state detector is 
larger or smaller than a predetermined threshold, 
than when the value is not larger or smaller than the 
predetermined threshold, the above-indicated at 
least one parameter being selected from a plurality 
of parameters including a rotating speed of the 
wheel. 

Where the wheel transmission is transmitted by 
the transmitter each time the wheel transmission is 
generated by the wheel information generator, the 
number of times of generation of the wheel informa- 
tion is the same as the number of times of transmis- 
sion of the wheel information. That is, the number of 
times of transmission of the wheel information 
increases with an increase in the number of times 
of generation of the wheel information. However, 
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the same wheel information generated by the gen- 
erator may be transmitted a plurality of times. In this 
case, the number of times of transmission of the 
wheel information can be increased without 
increasing the number of times of generation of the 5 
wheel information. Where the second wheel infor- 
mation including abnormality data and not including 
any wheel state quantity data as described above 
with respect to the above mode (8) is generated by 
the generator, this second wheel information is w 
transmitted a plurality of times after the second 
wheel information is generated once. If the number 
of times of transmission of the wheel information 
per unit time is increased, the frequency of trans- 
mission of the wheel information is increased. In 75 
this case, high-frequency wheel information trans- 
mitting means for transmitting the wheel information 
at a relatively high frequency serves as the trans- 
mission controlling means. 

It is noted that the amount of consumption of 20 
the electric energy stored in a battery provided in 
the transmitter increases with an increase in the 
cumulative time of transmission of the wheel infor- 
mation, and the voltage of the battery decreases 
with the cumulative time of transmission. Suppose 25 
the cumulative time of transmission where the 
wheel information having a relatively small volume 
is transmitted a plurality of times is the same as the 
time of transmission of the wheel information hav- 
ing a relatively large volume, the transmission of the so 
small -volume wheel information a plurality of times 
is advantageous over the transmission of the large- 
volume wheel information a single time, since the 
former transmission permits a higher ratio of correct 
reception of the transmitted wheel information by 35 
the receiver. 

It will be understood that the feature according 
to the above mode (14) is available independently 
of the feature according to any one of the above 
modes (1)-(13). 40 
(15) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel of a vehicle, including a wheel state detector 
for detecting the state of the wheel, a wheel infor- 
mation generator for generating the wheel informa- 45 
tion relating to the state of the wheel, on the basis 
of an output of the wheel state detector, a transmit- 
ter for transmitting the wheel information, and a 
receiver which receives the wheel information 
transmitted by the transmitter, the wheel state so 
detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 
receiver being disposed on a body of the vehicle, 
wherein the wheel information generator is capable 
of generating different kinds of wheel information 55 
having respective different volumes, and includes a 
wheel information supply control device for control- 
ling at least one of an operation of the wheel infor- 



mation generator and an operation of the 
transmitter, for thereby controlling a condition in 
which the wheel information is supplied, depending 
upon at least one parameter indicative of the state 
of the wheel, which at least one parameter is 
detected by the wheel state detector. 

The condition in which the wheel information is 
supplied can be controlled by the wheel information 
supply control device, which is adapted to control at 
least one of the operation of the wheel information 
generator and the operation of the transmitter. The 
wheel information supply control device may 
include a memory portion which stores control pro- 
grams for controlling the wheel information genera- 
tor in a selected one of different wheel information 
generating modes as described above with respect 
to the mode (1 1), and a control portion for activating 
a selected one of wheel information generating por- 
tions which corresponds to the selected wheel 
information generating mode. For instance, the 
wheel information supply control device is adapted 
to selectively activate the first and second wheel 
information generating portions as described above 
with respect to the mode (3). Alternatively, the 
wheel information supply control device may 
include a memory portion which stores control pro- 
grams for controlling the transmitter in a selected 
one of different wheel information transmitting 
modes, and a control portion for controlling the 
transmitter in the selected wheel information trans- 
mitting mode. The wheel information supply control 
device may be constituted by a portion of the wheel 
information generator or the transmitter, or may be 
a unit separate from the generator or the transmit- 
ter. 

It will be understood that the technical feature 
according to any one of the above modes (1)-(14) 
may be incorporated in the vehicle wheel informa- 
tion supply device according to the above mode 

(15) . 

(16) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel of a vehicle, including a wheel state detector 
for detecting the state of the wheel, a wheel infor- 
mation generator for generating the wheel informa- 
tion relating to the state of the wheel, on the basis 
of an output of the wheel state detector, a transmit- 
ter for transmitting the wheel information, and a 
receiver which receives the wheel information 
transmitted by the transmitter, the wheel state 
detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 
receiver being disposed on a body of the vehicle, 
wherein the wheel information generator includes 
an information volume changing device for chang- 
ing a volume of the wheel information depending 
upon at least one parameter indicative of the state 
of the wheel, which at least one parameter is 
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detected by the wheel state detector. 

The ratio of reception of the wheel information 
by the receiver can be increased by reducing the 
volume of the wheel information. Since the need for 
correct reception of the wheel information s 
increases as the degree of abnormality of the wheel 
as indicated by the wheel information increases, 
the volume of the wheel information is desirably 
reduced with an increase in the degree of abnor- 
mality of the wheel as indicated by the wheel infor- w 
mation. Although the ratio of reception of the wheel 
information decreases with an increase in the rotat- 
ing speed of the wheel, this decrease of the recep- 
tion ratio can be reduced by reducing the volume of 
the wheel information with an increase in the wheel is 
speed. 

The technical feature according to any one of 
the above modes (1)-(15) may be incorporated in 
the vehicle wheel information supply device accord- 
ing to the above mode (16). 20 

(17) A vehicle wheel information supply device 
according to any one of the above modes (3)-(16), 
wherein the wheel state detector includes an air 
pressure detector for detecting an air pressure in a 
tire of the wheel, and the wheel information 25 
includes air pressure data relating to the air pres- 
sure detected by the air pressure detector. 

In the vehicle wheel information supply device 
according to the above mode (17), the wheel infor- 
mation generator generates the wheel information 30 
which includes the air pressure data relating to the 
air pressure of the tire of the wheel detected by the 
air pressure detector. The air pressure data may 
include a value of the air pressure of the tire, data 
indicating that the air pressure is being lowered, 35 
data indicative of a result of analysis of the air pres- 
sure, and data indicative of an abrupt reduction of 
the air pressure. 

(18) A vehicle wheel information supply device 
according to the above mode (1 7), wherein the sec- 40 
ond wheel information generating portion is acti- 
vated to generate the second wheel information 
when a rate of reduction of the air pressure 
detected by the air pressure detector is higher than 

a predetermined threshold. 45 

The second wheel information which is gener- 
ated when the rate of reduction of the air pressure 
is higher than the predetermined threshold has a 
smaller volume than the first wheel information 
which is generated when the rate of reduction is not so 
higher than the threshold. Namely, the second 
wheel information generated when the tire air pres- 
sure is abruptly reduced has the smaller volume 
and therefore has a higher ratio of reception by the 
receiver, than the first wheel information generated 55 
when the tire air pressure is relatively slowly 
reduced. The second information generated when 
the tire air pressure is abruptly reduced may be 



considered as warning information indicating a pos- 
sibility that the tire air pressure will be lowered in 
the near future to a level at which the vehicle cannot 
run. This warning information having the relatively 
small volume can be correctly received by the 
receiver at a relatively high ratio. 

(19) A vehicle wheel information supply device 
according to the above mode (1 7), wherein the sec- 
ond wheel information generating portion is acti- 
vated to generate the second wheel information 
when the air pressure detected by the air pressure 
detector is lower than a preset value. 

According to the above mode (19), the ratio of 
reception of the wheel information by the receiver 
can be made higher when the detected tire air pres- 
sure is lower than the preset value, than that when 
the detected tire air pressure not lower than the 
present value. 

(20) A vehicle wheel information supply device 
according to any one of the above modes (1 7)-(1 9), 
wherein the second wheel information generating 
portion is activated to generate the second wheel 
information when a state of reduction of the air 
pressure detected by the air pressure detector is 
abnormal and an operator of the vehicle must be 
informed of this abnormal state of reduction of the 
air pressure, the second wheel information includ- 
ing tire pressure abnormality data indicative of the 
abnormal state of reduction of the air pressure and 
not including any data indicative of the air pressure 
detected by the air pressure detector. 

In the vehicle wheel information supply device 
according to the above mode (20), the wheel infor- 
mation generated when the rate of reduction of the 
detected tire air pressure is abnormal and the vehi- 
cle operator must be informed of this fact does not 
include any data directly indicating the detected tire 
air pressure, but includes data indicative of the 
abnormal state of reduction of the tire air pressure. 
Accordingly, the volume of the wheel information to 
be transmitted to the receiver can be minimized. 

(21) A vehicle wheel information supply device 
according to the above mode (1 7), wherein the first 
wheel information generating portion and the sec- 
ond wheel information generating portion are acti- 
vated to generate the first wheel information and 
the second wheel information, respectively, when a 
state of reduction of the air pressure detected by 
the air pressure detector is abnormal and an oper- 
ator of the vehicle must be informed of this abnor- 
mal state of reduction of the air pressure, the first 
wheel information including both data indicative of 
the air pressure detected by the air pressure detec- 
tor and data indicative of the abnormal state of 
reduction of the air pressure, the second wheel 
information including the data indicative of the 
abnormal state of reduction of the air pressure and 
not including data indicative of the air pressure, the 
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transmitter transmitting to the receiver the first 
wheel information and the second wheel informa- 
tion successively. 

(22) A vehicle wheel information supply device 
according to any one of the above modes (1 7)-(21), 5 
wherein the wheel state detector further includes a 
tire temperature detector for detecting a tempera- 
ture of a tire of the wheel, and the first wheel infor- 
mation is a unit of information consisting of (a) 
primary information including the air pressure data 10 
and tire temperature data indicative of the tempera- 
ture of the tire, and (b) ancillary information, while 
the second wheel information is a unit of informa- 
tion consisting of (c) primary information including 

the air pressure data and not including the tire tern- 15 
perature data and (d) ancillary information. 

The second wheel information which does not 
include the tire temperature data has a smaller vol- 
ume than the first wheel information which includes 
the tire temperature data. The ancillary information 20 
include data as described above with respect to the 
above mode (10). 

(23) A vehicle wheel information supply device 
according to any one of the above modes (1 7)-(22), 
wherein the wheel information generator includes 25 
high-frequency wheel information generating por- 
tion for generating the wheel information at a higher 
frequency when a value of each of at least one 
parameter relating to the air pressure of the tire of 
the wheel detected by the air pressure detector is so 
larger or smaller than a predetermined threshold, 
than when the value is not larger or smaller than the 
predetermined threshold. 

The above-indicated at least one parameter 
relating to the air pressure of the wheel tire may 35 
include a value of the tire air pressure per se, a rate 
of reduction of the tire air pressure, a quantity which 
changes in proportion to the tire air pressure, and a 
rate of change of this quantity, for example. In the 
above mode (23), the high-frequency wheel infor- 40 
mation generating portion is activated to generate 
the wheel information at the relatively high fre- 
quency, for instance when the detected tire air pres- 
sure is reduced below a preset value or when the 
rate of reduction of the detected air pressure is 45 
higher than a predetermined upper limit. 

(24) A vehicle wheel information supply device 
according to any one of the above modes (1 7)-(23), 
wherein the transmitter operates in a manner which 
changes depending upon at least one of the air so 
pressure of the tire of the wheel and a rotating 
speed of the wheel. 

(25) A vehicle wheel information supply device 
according to any one of the above modes (1 7)-(24), 
wherein the transmitter comprises transmission 55 
controlling means for controlling the number of 
times of transmission of the wheel information such 
that the number of times of transmission is larger 



when a value of each of at least one parameter 
relating to the air pressure of the tire of the wheel is 
larger or smaller than a predetermined threshold, 
than when the value of each of the at least one 
parameter relating to the air pressure is not larger 
or smaller than the predetermined threshold. 

(26) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel of a vehicle, including an air pressure detec- 
tor for an air pressure in a tire of the wheel, an air 
pressure information generator for generating air 
pressure information relating to the air pressure of 
the wheel, on the basis of an output of the air pres- 
sure detector, a transmitter for transmitting the air 
pressure information, and a receiver which receives 
the air pressure information transmitted by the 
transmitter, the air pressure detector, the air pres- 
sure information generator and the transmitter 
being disposed on the wheel while the receiver 
being disposed on a body of the vehicle, wherein 
the air pressure information generator includes an 
information volume changing device for changing a 
volume of the air pressure information depending 
upon at least one parameter relating to the air pres- 
sure of the wheel, which at least one parameter is 
detected by the air pressure detector. 

For instance, the information volume changing 
device is adapted to reduce the volume of the air 
pressure information as the detected air pressure is 
reduced, or as the the rate of reduction of the 
detected air pressure increases. 

(27) A vehicle wheel information supply device 
according to any one of the above modes (1)-(26), 
wherein the receiver includes a controller for chang- 
ing a mode of operation of the receiver from a 
reception standby mode to a registration mode 
when the receiver receives a registration mode sig- 
nal received from the transmitter, the receiver nor- 
mally processing the wheel information received 
from the transmitter when the receiver is placed in 
the reception standby mode, and registering identi- 
fication data received from the transmitter when the 
receiver is placed in the registration mode, the 
wheel information including the identification data 
which identify the transmitter. 

Normally, the receiver is placed in the reception 
standby mode in which the wheel information 
received from the transmitter is normally proc- 
essed, so that the state of the wheel can be recog- 
nized. When the receiver receives the registration 
mode signal, the controller of the receiver changes 
the operation mode from the reception standby 
mode to the registration mode in which the identifi- 
cation data received from the transmitter can be 
registered in a appropriate memory of the control- 
ler. The wheel information received from the trans- 
mitter in the reception standby mode include the 
identification data. The controller compares the 
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identification data included in the received wheel 
information, with the identification data already reg- 
istered in the memory, so that the transmitter from 
which the wheel information for the particular wheel 
has been received can be identified by the compar- 5 
ison. Thus, the registration mode is established by 
the controller when the receiver receives the regis- 
tration mode signal from the transmitter. The 
present arrangement eliminates an operator-con- 
trolled switch conventionally used to change the w 
operation mode of the receiver from the reception 
standby mode to the registration mode. 

It will be understood that the feature according 
to the above mode (27) is available independently 
of the feature according to any one of the above is 
modes (1)-(26). 

(28) A vehicle wheel information supply device 
according to the above mode (27), wherein the 
transmitter transmits the registration mode signal to 
the receiver while the receiver is incapable of 20 
receiving information from a transmitter provided on 
another vehicle and when the vehicle wheel infor- 
mation supply device is placed in a predetermined 
state. 

There is a risk that the receiver of the present 25 
wheel information supply device provided on the 
vehicle in question receives information such as 
identification data from a transmitter provided on 
another vehicle. To avoid the reception of informa- 
tion from the transmitter on another vehicle, the 30 
transmitter of the present wheel information supply 
device provided on the vehicle in question is desir- 
ably adapted to transmit the registration mode sig- 
nal and the identification data while the receiver of 
the present wheel information supply device is not 35 
able to receive information from the transmitter on 
another vehicle. 

Further, the transmitter of the present vehicle 
wheel information supply device must be placed in 
the predetermined state in which the registration 40 
mode signal and the identification data can be cor- 
rectly received by the receiver of the present vehi- 
cle wheel information supply device. The 
predetermined state may be a state in which the air 
pressure of the tire is detectable by the wheel state 45 
detector after the wheel is attached to the vehicle 
body and the tire is inflated with air. For instance, 
the wheel information generator may be adapted to 
generate air pressure information as the wheel 
information when the tire air pressure becomes so 
higher than a lowest level detectable by an air pres- 
sure detector. In this instance, the transmitter trans- 
mits the registration mode signal when the tire air 
pressure is raised above the detectable lowest 
level. After the receiver is placed in the registration 55 
mode upon reception of the registration mode sig- 
nal, the transmitter transmits the identification data 
so that the receiver registers the received identifica- 



tion data which identify the transmitter. The detect- 
able lowest level of the tire air pressure is lower 
than a lower limit below which the vehicle cannot 
run. The transmitter may be adapted to transmit the 
registration mode signal when the tire air pressure 
detected by the air pressure detector is raised 
above a predetermined level which is higher than 
the detectable lowest level and which is desirably 
lower than the above-indicated lower limit. 

Thus, the registration mode signal is transmit- 
ted by the transmitter when the air pressure detec- 
tor detects the detectable lowest level or the 
predetermined level while the tire air pressure is 
raised. In this respect, it is noted that the air pres- 
sure detector functions as a switch for triggering the 
transmitter to transmit the registration mode signal. 
Accordingly, the registration mode signal is trans- 
mitted when the tire of the wheel to the vehicle body 
is inflated with air, with the tire air pressure being 
raised from a level below the detectable lowest level 
or the predetermined level. If the tire air pressure is 
higher than the detectable lowest or predetermined 
level before the registration mode of the receiver is 
established, the tire air pressure must be first low- 
ered below the detectable lowest or predetermined 
level and then raised above this level, so that the 
registration mode signal is transmitted to the 
receiver to establish the registration mode. 
(29) A vehicle wheel information supply device 
according to the above mode (28), wherein the 
transmitter transmits the identification data follow- 
ing the registration mode signal, so that the identifi- 
cation data are registered in the receiver 
immediately after the registration mode is estab- 
lished by the controller according to the registration 
mode signal. 

Although the identification data may be trans- 
mitted to the receiver at any time after the receiver 
has been placed in the registration mode, the iden- 
tification data are preferably transmitted immedi- 
ately following the registration mode signal, so as to 
prevent registration of data other than the identifica- 
tion data, and to assure correct registration of the 
identification data. The identification data to be reg- 
istered may consist of a single item of data or a plu- 
rality of items of data. 

For instance, the identification data include 
detailed identification data having a relatively large 
volume and abridged identification data having a 
relatively small volume. These detailed identifica- 
tion data and abridged identification data are regis- 
tered in the receiver in the registration mode. In the 
reception standby mode, the detailed and abridged 
identification data included in the wheel information 
transmitted from the transmitter are compared with 
the registered detailed and abridged identification 
data, to determine the transmitter from which the 
wheel information has been received, namely, to 
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determine the wheel whose wheel information has 
been received. Where the wheel information 
includes the abridged identification data, the total 
volume of the wheel information can be reduced. 
Where two or more items of identification data have 
been registered in the receiver, the wheel informa- 
tion need not include all of those items of identifica- 
tion data, and may include only a part of the 
registered identification data. The volume of the 
wheel information can be reduced by reducing the 
volume of the identification data. 

(30) A vehicle wheel information supply device for 
supplying wheel information relating to a state of a 
wheel of a vehicle, including a wheel state detector 
for detecting the state of the wheel, a wheel infor- 
mation generator for generating the wheel informa- 
tion relating to the state of the wheel, on the basis 
of an output of the wheel state detector, a transmit- 
ter for transmitting the wheel information, and a 
receiver which receives the wheel information 
transmitted by the transmitter, the wheel state 
detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 
receiver being disposed on a body of the vehicle, 
wherein the wheel information generator comprises 
a first wheel information generating portion for gen- 
erating first wheel information having a first volume, 
and a second wheel information generating portion 
for generating second wheel information having a 
second volume smaller than the first volume, at 
least one of the first and second wheel information 
generating portions being activated to generate at 
least one of the first wheel information and the sec- 
ond wheel information, depending upon at least 
one parameter indicative of the state of the wheel, 
which at least one parameter is detected by the 
wheel state detector. 

(31) A vehicle wheel state indicating device com- 
prising: a vehicle wheel information supply device 
according to any one of the above modes (1)-(16); 
and an information output device informing an oper- 
ator of the vehicle, of the state of the wheel, on the 
basis of the wheel information received by the 
receiver of the vehicle wheel information supply 
device. 

(32) A vehicle wheel tire abnormality indicating 
device comprising: 

a vehicle wheel information supply device 
according to any one of the above modes (1 7)- 
(26); and 

an indicating device informing an operator of 
the vehicle that the air pressure in the tire is 
abnormal, when the receiver receives the sec- 
ond wheel information which include tire pres- 
sure abnormality data indicating that a state of 
reduction of the air pressure detected by the air 
pressure detector is abnormal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The above and optional objects, features, 
advantages and technical and industrial significance of 
5 this invention will be better understood by reading the 
following detailed description of presently preferred 
embodiments of the invention, when considered in con- 
nection with the accompanying drawings, in which: 

10 Fig. 1 is a block diagram showing a vehicle wheel 
information supply device constructed according to 
one embodiment of this invention; 
Fig. 2 is a schematic view showing a general 
arrangement of the vehicle wheel information sup- 

15 ply device of Fig. 1 ; 

Fig. 3 is a graph illustrating an operation of the vehi- 
cle wheel information supply device of Fig. 1 ; 
Fig. 4 is a view illustrating a series of wheel infor- 
mation generated by a wheel information generator 

20 device of the vehicle wheel information supply 
device of Fig. 1 ; 

Fig. 5 is a flow chart illustrating a wheel information 
generating portion selecting routine executed 
according to a program stored in a ROM of the 

25 wheel information generator; 

Fig. 6 is a flow chart illustrating a normal wheel 
information generating routine executed according 
to a program stored in the ROM of the wheel infor- 
mation generator; 

30 Fig. 7 is a flow chart illustrating an identification 
data registering routine executed according to a 
program stored in the ROM of the wheel information 
generator device; 

Fig. 8 is a view indicating a change in intensity of an 
35 electric field between a transmitter and a receiver of 
the vehicle wheel information supply device of Fig. 
1; 

Fig. 9 is a graph indicating an apparent reception 
ratio of the receiver; 
40 Fig. 1 0 is a view illustrating another series of wheel 
information generated by the wheel information 
generator; 

Fig. 1 1 is a view illustrating a further series of wheel 

information generated by the wheel information 
45 generator; 

Fig. 12 is a block diagram showing a vehicle wheel 

information supply device according to another 

embodiment of this invention; 

Fig. 13 is a view illustrating a series of wheel infor- 
50 mation generated by a wheel information generator 

device of the vehicle wheel information supply 

device of Fig. 12; 

Fig. 14 is a view indicating a change in intensity of 
an electric field between a transmitter and a 
55 receiver of the vehicle wheel information supply 
device of Fig. 12; 

Fig. 15 is a view illustrating a series of wheel infor- 
mation generated by a wheel information generator 
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device of a vehicle wheel information supply device 
according to a further embodiment of this invention; 
Fig. 16 is a block diagram showing a vehicle wheel 
information supply device according to a still further 
embodiment of this invention; 
Fig. 17 is a view illustrating a series of wheel infor- 
mation generated by a wheel information generator 
of the vehicle wheel information supply device of 
Fig. 16; 

Fig. 18 is a flow chart illustrating a information gen- 
erating and transmitting control routine executed by 
a program stored in the ROM of the wheel informa- 
tion generator of Fig. 17; 

Fig. 19 is a block diagram showing a vehicle wheel 
information supply device according to a yet further 
embodiment of this invention; 
Fig. 20 is a flow chart illustrating a transmitting por- 
tion selecting routine executed according to a pro- 
gram stored in the ROM of a wheel information 
generator of the vehicle wheel information supply 
device of Fig. 19; 

Fig. 21 is a view schematically indicating a transmit- 
ting pattern stored in the ROM of the wheel informa- 
tion generator of Fig. 20; 

Fig. 22 is a graph indicating a relationship between 
the reception ratio of wheel information and the 
wheel rotating speed in the vehicle wheel informa- 
tion supply device of Fig. 19; and 
Fig. 23 is a view schematically indicating a generat- 
ing pattern stored in the ROM of a vehicle wheel 
information supply device according to still another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] There will be described a wheel state indi- 
cating device in the form of a wheel tire abnormality indi- 
cating device including a wheel information supply 
device constructed according to one embodiment of this 
invention. 

[0010] Referring first to Figs. 1 and 2, there are dis- 
posed on each of front right and left and rear right and 
left wheels 10 of an automotive vehicle, an air pressure 
detector 12 for detecting an air pressure in a tire of the 
corresponding wheel 10, a tire temperature detector 14 
for detecting a temperature of the tire, a wheel informa- 
tion generator 16 for generating wheel information relat- 
ing to a state of the wheel 10, and a transmitter 18 for 
transmitting the wheel information generated by the 
wheel information generator 16. 
[0011] On a body 20 of the vehicle to which the 
wheels 10 are connected, there are disposed four 
antennas 22, a receiving portion 23 and a controller 24. 
The air pressure detector 12 is located at a portion of 
the wheel 10 at which a valve of the tire is located. The 
air pressure detector 12 generates an output signal 
while the air pressure of the wheel tire is higher than a 



given level, namely, while the tire air pressure is detect- 
able. The four antennas 22 are located at respective 
positions at which the wheel information can be 
received from the respective transmitters 18 disposed 

5 on the respective four wheels 1 0. 

[0012] The receiving portion 23 is adapted to 
receive, through the antennas 22, the wheel information 
transmitted by the transmitters 1 8. The receiving portion 
23 is further adapted to modulate and amplify the wheel 

10 information, before the wheel information is fed to the 
controller 24, to which is connected an indicator 26. The 
controller 24 controls the indicator 26 to provide an indi- 
cation of the state of each wheel 10, based on the 
received wheel information, so that the operator of the 

15 vehicle is informed of the state of each wheel 10. The 
indicator 26 is provided in a driver's compartment of the 
vehicle. It will be understood that the antennas 22, the 
receiving portion 23 and the controller 24 cooperate to 
constitute a receiver 28. 

20 [001 3] The wheel information generator 1 6 is princi- 
pally constituted by a computer incorporating a central 
processing unit (CPU), a random-access memory 
(RAM), a read-only memory (ROM), an input portion 
and an output portion. To the input portion of the gener- 

25 ator 16, there are connected the air pressure detector 
12 and the tire temperature detector 14. To the output 
portion of the device 1 6, there is connected the trans- 
mitter 1 8. The ROM stores various programs such as a 
program for executing a wheel information generating 

30 portion selecting routine illustrated in the flow chart of 
Fig. 5, and a program for executing a normal wheel 
information generating routine illustrated in the flow 
chart of Fig. 6. The wheel information generator 16 
includes a normal wheel information generating portion 

35 30, a gradual tire pressure reduction wheel information 
generating portion 32, and an abrupt tire pressure 
reduction wheel information generating portion 34, as 
shown in Fig. 1. With the wheel information generating 
portion selecting routine of Fig. 5 being executed, one of 

40 the three wheel information generating portions 30, 32, 
34 is selected, so that the wheel information is gener- 
ated by the selected wheel information generating por- 
tion. The generated wheel information is transmitted by 
the transmitter 18 to the receiving portion 23 of the 

45 receiver 28. 

[0014] Each of the normal wheel information gener- 
ating portion 30, gradual tire pressure reduction wheel 
information generating portion 32 and abrupt tire pres- 
sure reduction wheel information generating portion 34 

so is constituted by a portion of the computer of the wheel 
information generator 16 which is assigned to store and 
implement a whole or a part of a program for generating 
a series of wheel information based on the detected tire 
air pressure, etc. However, those generating portions 

55 30, 32, 34 may be constituted by respective exclusive 
computers or respective hardware circuits. 
[0015] The controller 24 is also principally consti- 
tuted by a computer incorporating a CPU, a RAM, a 
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ROM, an input portion and an output portion. The ROM 
stores programs such as a program for executing an 
identification data registering routine illustrated in the 
flow chart of Fig. 7. With the identification data register- 
ing routine of Fig. 7 being executed, identification data 
received from the transmitter 18 are registered in the 
receiver 28. 

[001 6] On the basis of the tire air pressure detected 
by the air pressure detector 12 and a rate of change of 
the detected tire air pressure, the wheel information 
generator 16 selects and activates one of the three 
wheel information generating portions 30, 32, 34. The 
wheel information generated by the normal wheel infor- 
mation generating portion 30 has the largest volume, 
and the wheel information generated by the abrupt tire 
pressure reduction wheel information generating por- 
tion 34 has the smallest volume. It is also noted that the 
frequency of generation of the wheel information by the 
normal wheel information generating portion 30 is the 
lowest, while the frequency of generation of the wheel 
information by the abrupt tire pressure reduction wheel 
information generating portion 34 is the highest. These 
aspects will be further described. 
[0017] When information is transmitted from a 
transmitter disposed on a rotating vehicle wheel to a 
receiver disposed on a vehicle body, a distance 
between the transmitter and the receiver changes with 
the rotation of the wheel. Accordingly, the intensity of an 
electric field between these transmitter and receiver 
changes with a change in the distance, as indicated in 
the graph of Fig. 8. That is, the intensity of the informa- 
tion signal received by the receiver changes as indi- 
cated in Fig. 8. The information transmitted from the 
transmitter can be received by the receiver when the 
intensity of the electric field is sufficiently high. When 
the intensity of the electric field is low, the transmitted 
information may not be received by the receiver, due to 
an influence of a noise. While the intensity of the electric 
field is lower than that of the noise indicated by broken 
line in Fig. 8, the transmitted wheel information cannot 
be received. 

[0018] Where a series of information D-j is transmit- 
ted for a time period of T D1 , as indicated in Fig. 8, the 
information D-| cannot be received if the transmission of 
the information starts at a point of time TA, but can be 
received if the transmission starts at a point of time TA'. 
The probability of correct reception of the transmitted 
information is referred to as a reception ratio. The 
reception ratio increases with a decrease in the noise 
level and a decrease in the volume of the information 
transmitted (a decrease in the time period required to 
transmit the information). Although the reception ratio is 
relatively high when the information volume is relatively 
small as indicated at D 2 and D 3 in Fig. 8, the number of 
items represented by the information is relatively small. 
Therefore, the volume of the information to be transmit- 
ted must be determined by taking into account both the 
reception ratio and the desired number of items repre- 



sented by the information. 

[0019] It is also noted that the apparent reception 
ratio increases with an increase in the number of recep- 
tions (transmissions) of the wheel information, as indi- 

s cated in Fig. 9. In other words, where the reception ratio 
is low, the apparent reception ratio can be increased by 
increasing the number of receptions of the wheel infor- 
mation. Where the reception ratio is 100% (99.999% or 
higher) with one reception, the apparent reception ratio 

10 is 100%. Where the reception ratio is 99% with one 
reception, the apparent reception ratio can be increased 
to 100% with three receptions. Where the reception 
ratio is 80% with one reception, the apparent reception 
ratio can be increased to 100% with eight receptions. 

15 [0020] Thus, the apparent reception ratio increases 
with a decrease in the volume of the wheel information 
(required transmission or reception time) and an 
increase in the number of receptions (transmissions). In 
view of this analysis, the present embodiment is 

20 arranged to reduce the volume of the wheel information 
and increase the frequency of transmission of the wheel 
information by the transmitter 18 (number of transmis- 
sions of the wheel information), where a need for cor- 
rect reception of the wheel information by the receiver 

25 28 is relatively high. 

[0021] As shown in Fig. 3, the tire air pressure is 
detected intermittently at a time interval of At, namely, 
with a cycle time of At. When the detected tire air pres- 
sure is not lower than a preset value Ps, the wheel infor- 

30 mation generator 16 determines that the tire air 
pressure is normal, and selects and activates the nor- 
mal wheel information generating portion 30 to gener- 
ate NORMAL wheel information 50 indicated in Fig. 4. 
The NORMAL wheel information 50 consists of a 

35 header in the form of SYNCHRONIZATION data 51, 
TRAILER data 52, IDENTIFICATION data 53, AIR 
PRESSURE data 54, TIRE TEMPERATURE data 55, 
TRANSMISSION STATE data 56 and CHECK SUM 
data 57. The AIR PRESSURE data 54 represent the tire 

40 air pressure of the wheel 10, and the TIRE TEMPERA- 
TURE data 55 represent the temperature of the tire. The 
TRANSMISSION STATE data 56 consist of TRANS- 
MISSION STATE data 1 and TRANSMISSION STATE 
data 2. The NORMAL wheel information 50 is gener- 

45 ated by the normal wheel information generating portion 
30, with the cycle time of AT, which is considerably 
longer than the cycle time At with which the tire air pres- 
sure is detected. To generate the NORMAL wheel infor- 
mation 50, the outputs of the air pressure detector 12 

so and the tire temperature detector 14 are read into the 
wheel information generator 16. 
[0022] It will be understood that the AIR PRES- 
SURE data 54 and the TIRE TEMPERATURE data 55 
serve as primary information, while the SYNCHRONI- 

55 ZATION data 51, TRAILER data 52, IDENTIFICATION 
data 53, TRANSMISSION STATE data 56 and CHECK 
SUM data 57 serve as ancillary data. It will also be 
understood that the SYNCHRONIZATION data 51 and 
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the TRAILER data 52 of the ancillary data serve as 
header/trailer data. 

[0023] The TRAILER data 52 indicate the end of the 
NORMAL wheel information 50, and represents a pre- 
determined total volume of the NORMAL wheel infor- 
mation 50, which is different from the total volumes of 
ABRUPT TIRE PRESSURE REDUCTION wheel infor- 
mation 60 and GRADUAL TIRE PRESSURE REDUC- 
TION wheel information 70 which are generated by the 
abrupt tire pressure reduction wheel information gener- 
ating portion 34 and the gradual tire pressure reduction 
wheel information generating portion 32, respectively. In 
other words, the NORMAL wheel information 50, 
ABRUPT TIRE PRESSURE REDUCTION wheel infor- 
mation 60 and GRADUAL TIRE PRESSURE REDUC- 
TION wheel information 70 have respective different 
predetermined total volumes, as described below. Thus, 
the total volume of the wheel information indicates 
whether the wheel 10 is in the normal state, or in the 
state of abrupt or gradual reduction of its tire air pres- 
sure. 

[0024] In Fig. 4, the data 51-57 are indicated as 
[SYNC] [00] [ID1][ID2][ID3][ID4] [AIR PRESSURE] 
[TIRE TEMP] [TRANS STATE 1][TRANS STATE 2] 
[CHECK SUM]. The data [00] constitute the TRAILER 
data 52, and the data [ID1][ID2][ID3][ID4] constitute the 
IDENTIFICATION data 53, while the data [TRANS 
STATE 1][TRANS STATE 2] constitute the TRANSMIS- 
SION STATE data 56. Each of [SYNC], [ID1], [ID2], 
[ID3], [ID4], [AIR PRESSURE], [TIRE TEMP), [TRANS 
STATE 1], [TRANS STATE 2] and [CHECK SUM] is a 
one byte volume. Since the data [00] (TRAILER data 
52) is 0.5 byte, the total volume of the NORMAL wheel 
information 50 is 10.5 bytes. In the ABRUPT TIRE 
PRESSURE REDUCTION wheel information 60 and 
the GRADUAL TIRE PRESSURE REDUCTION wheel 
information 70, TRAILER data 62 and TRAILER data 72 
are [01] and [10], respectively. Where the TRAILER 
data are [00], it indicates that the TRAILER data [00] is 
contained in the NORMAL wheel information 50 whose 
total volume is 10.5 bytes and that the tire air pressure 
of the corresponding wheel 10 is normal. In this respect, 
the TRAILER data 52, 62, 72 are considered to be air 
pressure information indicative of the tire air pressure. 
Further, the TRAILER data 52, 62, 72 representing the 
total volume of the wheel information 50, 60, 70 may be 
considered to be transmission volume information indic- 
ative of the total volume of the wheel information trans- 
mitted. Thus, the TRAILER data 52, 62, 72 serve as the 
air pressure information (which can be considered as 
the primary information), transmission volume informa- 
tion, and ancillary information (header/trailer informa- 
tion). 

[0025] The IDENTIFICATION data 53 are provided 
to check if the wheel information transmitted from the 
transmitter 1 8 disposed on each of the four wheels 10 is 
received by the corresponding one of the four receiving 
portions 23 of the receiver 28 disposed at the respective 



positions on the vehicle body 20, which positions corre- 
spond to the respective four wheels 10. The data sets 
[ID1], [ID2], [ID3] and [ID4] of the IDENTIFICATION 
data 53 correspond to the respective four receiving por- 

5 tions 23, that is, respective four wheels 10. Before the 
wheel information is transmitted from the transmitter 18, 
the data sets [ID1], [ID2], [ID3] and [ID4] are sent to the 
receiver 28, so as to be registered in the receiver 28, in 
relation to the respective receiving portions 23 or 

10 wheels 10. When the wheel information is transmitted 
from the transmitter 18 for the particular wheel 10, the 
IDENTIFICATION data 53 contained in the wheel infor- 
mation are compared with the data sets registered in 
the receiver 28, to confirm that the transmitter 18 from 

is which the wheel information is transmitted corresponds 
to the appropriate receiving portion 23 or wheel 10. 
[0026] The registration of the IDENTIFICATION 
data is automatically effected when the air pressure in 
the tire of the wheel 1 0 is raised to a level detectable by 

20 the air pressure detector 1 2 upon attachment of each 
wheel 10 to the vehicle body 20. At this time, the trans- 
mitter 18 for the wheel 10 in question transmits to the 
receiver 28 the IDENTIFICATION data together with a 
REGISTRATION MODE signal. After the receiver 28 is 

25 attached to the vehicle body 20, the receiver 28 is held 
in a RECEPTION STANDBY mode in which wheel infor- 
mation transmitted by the transmitter 18 is receivable. 
To register the IDENTIFICATION data, the receiver 28 
must be brought into a REGISTRATION mode. This 

30 REGISTRATION mode is established when the receiver 
28 has received the REGISTRATION MODE signal 
from the transmitter 18. In this REGISTRATION mode, 
the IDENTIFICATION data transmitted from the trans- 
mitter 18 can be registered in the receiver 28. This 

35 arrangement does not require the receiver 28 to have 
an exclusive operator-controlled switch for changing the 
mode from the RECEPTION STANDBY mode to the 
REGISTRATION mode. The IDENTIFICATION data fol- 
low the REGISTRATION MODE signal, without any 

40 information interlaced therebetween, so that the IDEN- 
TIFICATION data received from the transmitter 18 can 
be correctly registered in the receiver 28 with high sta- 
bility. 

[0027] The IDENTIFICATION data are registered in 
45 the receiver 28, with the controller 24 executing the 
identification data registering routine illustrated in the 
flow chart of Fig. 7. This routine is initiated with step S1 
to determine whether any information is received. If an 
affirmative decision (YES) is obtained in step S1 , the 
so control flow goes to step S2 to determine whether the 
information received is the wheel information (tire air 
pressure, etc.) or other information that is to be normally 
processed. If a negative decision (NO) is obtained in 
step S2, the control flow goes to step S3 to determine 
55 whether the information received is the REGISTRA- 
TION MODE signal and the IDENTIFICATION data. If 
an affirmative decision (YES) is obtained in step S3, the 
control flow goes to step S4 in which the REGISTRA- 
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TION mode is established, and the IDENTIFICATION 
data are registered in the controller 24. Then, the con- 
trol flow goes to step S5 in which the receiver 28 is 
returned to the RECEPTION STANDBY mode. With the 
IDENTIFICATION data registered for all wheels 10, the 
wheel information received by the receiver 28 is related 
to the corresponding one of the receiving portions 23 
(wheels 10). In the present embodiment, the IDENTIFI- 
CATION data 53 to be registered include [ID1], [ID2], 
[ID3] and [ID4] indicated above, and [ID4] and [ID5] 
which will be described. 

[0028] If the information received in step S1 is nei- 
ther the information that is to be normally processed, 
nor a combination of the REGISTRATION MODE signal 
and the IDENTIFICATION data, a negative decision 
(NO) is obtained in steps S2 and S3, and the control 
flow goes to step S7 in which the received information is 
processed in a manner corresponding to the kind of the 
information. If an affirmative decision (YES) is obtained 
in step S2, the control flow goes to step S6 in which the 
information received is processed in the normal man- 
ner. Step S6 and S7 are also followed by the above-indi- 
cated step S5 so that the receiver 28 is returned to the 
RECEPTION STANDBY mode. 
[0029] The TRANSMISSION STATE data 56 indi- 
cate the state of transmission of the NORMAL wheel 
information 50, and include data indicating whether the 
transmitter 18 in question is normal, and data indicative 
of the residual amount of electric energy left (voltage) in 
a battery used in the transmitter 18. The SYNCHRONI- 
ZATION data 51 ([SYNC]) are provided for synchroniza- 
tion of the transmitter 18 with the receiver 28. 
[0030] When the detected tire air pressure of the 
wheel 10 is normal, a need of transmitting the NORMAL 
wheel information 50 so as to assure correct reception 
thereof is relatively small, and the reception ratio of the 
NORMAL wheel information 50 need not be so high. In 
view of this, the total volume of the NORMAL wheel 
information 50 may be relatively large, and the fre- 
quency of transmission of this information 50 need not 
be so high. 

[0031 ] Where the detected tire air pressure is lower 
than the preset value Ps and is lowered abruptly at a 
rate higher than a predetermined threshold, the wheel 
information generator 16 selects and activates the 
abrupt tire pressure reduction wheel information gener- 
ating portion 34, and this generating portion 34 gener- 
ates the ABRUPT TIRE PRESSURE REDUCTION 
wheel information 60, which consists of SYNCHRONI- 
ZATION data 62, TRAILER data 62, IDENTIFICATION 
data 63, AIR PRESSURE data 64 and CHECK SUM 
data 65, as indicated in Fig. 4. That is, the ABRUPT 
TIRE PRESSURE REDUCTION wheel information 60 
does not include TIRE TEMPERATURE data and 
TRANSMISSION STATE data, and the total volume of 
the wheel information 60 is 7.5 bytes. The AIR PRES- 
SURE data 64 serve as the primary information, while 
the SYNCHRONIZATION data 61, TRAILER data 62, 



IDENTIFICATION data 63 and CHECK SUM data 65 
serve as the ancillary data. The SYNCHRONIZATION 
data 61 and the TRAILER data 62 serve as the 
header/trailer information. The TRAILER data 62 in the 

5 wheel information 60 is [01], which indicates that the tire 
air pressure is lower than the preset value Ps and is 
abruptly lowered. The ABRUPT TIRE PRESSURE 
REDUCTION wheel information 60 is generated and 
transmitted with the cycle time of At, which is the cycle 

w time of detection of the tire air pressure. As indicated 
above, the volume of the wheel information 60 is made 
relatively small, and the frequency of transmission of 
this wheel information 60 is made relatively high, in 
order to increase the reception ratio on the side of the 

15 receiver 28. 

[0032] Where the detected tire air pressure is lower 
than the preset value Ps but the rate of its reduction is 
not higher than the predetermined threshold, the gener- 
ator 16 selects and activates the gradual tire pressure 

20 reduction wheel information generating portion 32, and 
this generating portion 32 generates the GRADUAL 
TIRE PRESSURE REDUCTION wheel information 70, 
which consists of SYNCHRONIZATION data 71, 
TRAILER data 72, IDENTIFICATION data 73, AIR 

25 PRESSURE data 74, TIRE TEMPERATURE data 75 
and CHECKSUM data 76. The GRADUAL TIRE PRES- 
SURE REDUCTION wheel information 70 does not 
include TRANSMISSION STATE data, and the total vol- 
ume of the wheel information 70 is 8.5 bytes, which is 

30 intermediate between the total volumes of the NORMAL 
wheel information 50 and the ABRUPT TIRE PRES- 
SURE REDUCTION wheel information 60. The 
TRAILER data 72 in this wheel information 70 is [10], 
which indicates that the tire air pressure is lower than 

35 the preset value Ps and is gradually lowered at a rate 
lower than the predetermined threshold. The wheel 
information 70 including the AIR PRESSURE data 74 
and TIRE TEMPERATURE data 75 is generated and 
transmitted with a cycle time of 2 x At. As indicated 

40 above, the total volume of the wheel information 70 is 
smaller than that of the NORMAL wheel information 50, 
and the frequency of transmission of the wheel informa- 
tion 70 is higher than that of the wheel information 50, 
so that the reception ratio of the wheel information 70 is 

45 made higher. 

[0033] The wheel information received by the 
receiving portion 23 is supplied to the controller 24, and 
the indicator 26 is controlled by the controller 24, 
depending upon the content of the wheel information 

50 received. When the NORMAL wheel information 50 or 
the GRADUAL TIRE PRESSURE REDUCTION wheel 
information 60 is received, the indicator 26 is controlled 
to indicate both the tire air pressure and the tire temper- 
ature. When the ABRUPT TIRE PRESSURE REDUC- 

55 TION wheel information 70 is received, the indicator 26 
is controlled to indicate only the tire air pressure and 
activate an alarm light provided thereon, in order to 
inform the vehicle operator or driver of an abrupt reduc- 
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tion of the tire air pressure of the wheel 10 correspond- 
ing to the transmitter 18 from which the wheel 
information 70 is received. 

[0034] An operation of the wheel information gener- 
ator 16 will be described by reference to the flow chart 
of Fig. 5, which illustrates the wheel information gener- 
ating portion selecting routine, which is executed with a 
cycle time equal to the cycle time At with which the tire 
air pressure is detected by the air pressure sensor 12. 
[0035] The routine of Fig. 5 is initiated with step S21 
to read in the detected tire air pressure of each wheel 
10. Step S21 is followed by step S22 to determine 
whether the detected tire air pressure is lower than the 
preset value Ps. If a negative decision (NO) is obtained 
in step S22, the control flow goes to step S23 in which 
the normal wheel information generating portion 30 is 
selected. 

[0036] The normal wheel information generating 
portion 30 generates the NORMAL wheel information 
50 with the cycle time AT, which is considerably longer 
than the cycle time At. The generated NORMAL wheel 
information 50 is sent to the appropriate transmitter 18, 
which transmits the wheel information 50 to the receiv- 
ing portion 23 of the receiver 28. 
[0037] When step S23 is initially implemented to 
select the normal wheel information generating portion 
30, a normal wheel information generating routine is 
started by the wheel information generator 16, as illus- 
trated in the flow chart of Fig. 6, to generate the NOR- 
MAL wheel information 50 with the cycle time AT, while 
the wheel information generating portion selecting rou- 
tine of Fig. 5 is repeatedly implemented with the cycle 
time of At. That is, each time step S23 is implemented, 
a counter Co is incremented, and the NORMAL wheel 
information 50 is generated by the selected generating 
portion 30 when the content "n" of the counter Co has 
been increased to a predetermined value "n 0 " which 
corresponds to the cycle time AT. 
[0038] The normal wheel information generating 
routine of Fig. 6 is initiated with step S51 in which the 
content "n" of a counter Co is incremented to "n+1". 
Then, step S52 is implemented to determine whether 
the content "n" is equal to or larger than the predeter- 
mined value "n 0 ". If a negative decision (NO) is obtained 
in step S52, one cycle of execution of the routine of Fig. 
6 is terminated, and the NORMAL wheel information 50 
is not generated by the generating portion 30. If an 
affirmative decision (YES) is obtained in step S52, the 
control flow goes to step S53 in which the normal wheel 
information generating portion 30 generates the NOR- 
MAL wheel information 50. Step S53 is followed by step 
S54 to reset the counter Co. 

[0039] If the detected tire air pressure is lower than 
the present value Ps, an affirmative decision (YES) is 
obtained in step S22 of the routine of Fig. 5, and the 
control flow goes to step S34 in which the rate of reduc- 
tion of the tire air pressure is calculated. Step S22 is fol- 
lowed by step S25 to determine whether the calculated 



rate of reduction of the tire air pressure is higher than 
the predetermined threshold or not. If an affirmative 
decision (YES) is obtained in step S25, the control flow 
goes to step S26 in which the abrupt tire pressure 

5 reduction wheel information generating portion 34 is 
selected and activated to generate the ABRUPT TIRE 
PRESSURE REDUCTION wheel information 60, so 
that the generated wheel information 60 is transmitted 
to the receiver 28. Thus, the wheel information 60 is 

w generated each time step S26 is implemented, namely, 
with the cycle time of At. 

[0040] If the rate of reduction of the detected tire air 
pressure is not higher than the threshold, a negative 
decision (NO) is obtained in step S25, and the control 

is flow goes to step S27 in which the gradual tire pressure 
reduction wheel information generating portion 32 is 
selected and activated, to generate the GRADUAL 
TIRE PRESSURE REDUCTION wheel information 70. 
[0041] When step S27 is initially implemented to 

20 select the gradual tire pressure reduction wheel infor- 
mation generating portion 32, a routine similar to the 
routine of Fig. 6 is started. In this routine, the GRADUAL 
TIRE PRESSURE REDUCTION wheel information 70 
is generated by the generating portion 32 when the con- 

25 tent "n" of the counter Co has increased to a predeter- 
mined value corresponding to the cycle time 2At, so that 
the wheel information 70 is generated with the cycle 
time 2At. The generated wheel information 70 is trans- 
mitted to the receiver 28. 

30 [0042] As described above, the wheel information 
supply device according to the present embodiment is 
arranged such that the volumes of the ABRUPT TIRE 
PRESSURE REDUCTION wheel information 60 and 
the GRADUAL TIRE PRESSURE REDUCTION wheel 

35 information 70 which are required to be received by the 
receiver 28 with relatively high reception ratios are 
made relatively small, while the frequencies of transmis- 
sion of those wheel information 60, 70 are made rela- 
tively high, so as to increase the reception ratios of 

40 those wheel information 60, 70. The thus increased 
reception ratios of the wheel information 60, 70 result in 
reduction in the times that are required for the receiver 
28 to correctly receive the wheel information 60, 70. It is 
also noted that the residual electric energy amount 

45 stored in the battery of each transmitter 18 decreases 
with an increase in the cumulative information transmit- 
ting time. In this respect, it is effective to increase the 
reception ratios by reducing the volumes of the wheel 
information. 

so [0043] It will be understood that the normal wheel 
information generating portion 30 constitutes a first 
wheel information generating portion, while the gradual 
tire pressure reduction wheel information generating 
portion 32 and the abrupt tire pressure reduction wheel 

55 information generating portion 34 cooperate to consti- 
tute a second wheel information generating portion. The 
first and second wheel information generating portions 
may be considered to be a normal wheel information 
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generating portion and an abnormal wheel information 
generating portion, respectively. The normal and abnor- 
mal wheel information generating portions may be 
adapted to generate a normal wheel information when 
the detected tire air pressure is not lower than the pre- 
set value Ps, and an abnormal wheel information when 
the detected tire air pressure is lower than the present 
value Ps. It is also possible to consider that one of the 
gradual and abrupt tire pressure reduction wheel infor- 
mation generating portions 32, 34 constitutes a second 
wheel information generating portion while the other of 
the generating portions 32, 34 constitutes a third wheel 
information generating portion. 
[0044] The wheel information generator 16 may be 
considered to generate different volumes of wheel infor- 
mation, depending upon the detected tire air pressure 
and the rate of reduction of the detected tire air pres- 
sure. In the present embodiments, these different sets 
of wheel information 50, 60, 70 are generated by the 
respective wheel information generating portions 30, 
34, 32, which are selected and activated depending 
upon the detected tire air pressure and its rate of reduc- 
tion. Namely, the normal wheel information generating 
portion 30 is activated when the detected tire air pres- 
sure is not lower than the preset value, and the abrupt 
tire pressure reduction wheel information generating 
portion 34 is activated when the detected tire air pres- 
sure is lower than the preset value and is lowered at a 
rate higher than the predetermined threshold. Further, 
the gradual tire pressure reduction wheel information 
generating portion 32 is activated when the detected tire 
air pressure is lower than the preset value and is low- 
ered at a rate not higher than the threshold. Each time 
the wheel information is generated by the generator 16, 
the generated wheel information is transmitted from the 
appropriate transmitter 18 to the receiver 28 in the pre- 
determined manner. 

[0045] While the wheel information generator 16 is 
adapted such that the sets of wheel information 50, 60, 
70 generated by the three generating portions 30, 34, 
32 are transmitted at different frequencies or with differ- 
ent cycle times (AT, At and 2At), the transmitter 18 may 
include a plurality of transmitting portions, for instance, 
a high-frequency transmitting portion, a medium-fre- 
quency transmitting portion and a low-frequency trans- 
mitting portion, which are selectively activated. In this 
case, the low-frequency transmitting portion is activated 
to transmit the wheel information generated by the gen- 
erator 16, when the detected tire air pressure is not 
lower than the preset value, and the high-frequency 
transmitting portion is activated to transmit the gener- 
ated wheel information, when the detected tire air pres- 
sure is lower than the preset value and is lowered at a 
value higher than the predetermined threshold. The 
medium-frequency transmitting portion is activated to 
transmit the generated wheel information when the 
detected tire air pressure is lower than the preset value 
and is lowered at a value not higher than the threshold. 



Further, the wheel information generating portions 30, 
32, 34 of the generator 16 are adapted to generate the 
respective sets of information 50, 70, 60 with the same 
cycle time (At) in the predetermined manners. 

5 [0046] Described more specifically, when the low- 
frequency transmitting portion is selected, the NORMAL 
wheel information 50 having the largest volume is trans- 
mitted with the longest cycle time of AT. When the high- 
frequency transmitting portion is selected, the ABRUPT 

w TIRE PRESSURE REDUCTION wheel information 60 
having the smallest volume is transmitted with the short- 
est cycle time of At. When the medium-frequency trans- 
mitting portion is selected, the GRADUAL TIRE 
PRESSURE REDUCTION wheel information 70 having 

15 the medium volume is transmitted with the medium 
cycle time of 2At. 

[0047] The three wheel information generating por- 
tions 30, 32, 34 of the wheel information generator 16 
may cooperate with the three transmitting portions of 

20 the transmitter 18 to transmit the appropriate wheel 
information with the appropriate cycle time, depending 
upon the detected tire air pressure and its rate of reduc- 
tion. For instance, when the detected tire air pressure is 
not lower than the preset value, the normal wheel infor- 

25 mation generating portion 30 is activated, and the low- 
frequency transmitting portion is activated to transmit 
the wheel information generated by the generating por- 
tion 30. When the detected tire air pressure is lower 
than the preset value and is lowered at a rate higher 

30 than the predetermined threshold, the abrupt air pres- 
sure reduction wheel information generating portion 34 
is activated, and the high-frequency transmitting portion 
is activated to transmit the wheel information generated 
by the generating portion 34. When the tire air pressure 

35 is lower than the preset value and is lowered at a rate 
not higher than the threshold, the gradual tire pressure 
reduction wheel information generating portion 32 is 
activated, and the medium-frequency transmitting por- 
tion is activated to transmit the wheel information gener- 
ic? ated by the generating portion 32. 

[0048] Referring next to Fig. 1 0, there is illustrated a 
second embodiment of this invention wherein the wheel 
information generating device 1 6 is adapted to generate 
the NORMAL wheel information 50 as in the first 

45 embodiment, and ABRUPT TIRE PRESSURE REDUC- 
TION wheel information 80 and GRADUAL TIRE PRES- 
SURE REDUCTION wheel information 82 each of 
which includes IDENTIFICATION data 84 consisting of 
[ID5] and [ID6]. The volume of the IDENTIFICATION 

so data 84 is smaller than that of the IDENTIFICATION 
data 53 included in the NORMAL wheel information 50. 
The volumes of the wheel information 80 and the wheel 
information 82 in the present second embodiment are 
5.5 bytes and 6.5 bytes, respectively, which are smaller 

55 than those (7.5 bytes and 8.5 bytes) of the wheel infor- 
mation 60 and the wheel information 70. The TRAILER 
data 62 in the wheel information 80 indicates the total 
volume of 5.5 bytes of the wheel information 80, while 
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the TRAILER data 72 in the wheel information 82 indi- 
cates the total volume of 6.5 bytes of the wheel informa- 
tion 82. 

[0049] According to a third embodiment of this 
invention, the wheel information generator 16 may be s 
adapted to generate an ABRUPT TIRE PRESSURE 
REDUCTION wheel information 90 shown in Fig. 11. 
This wheel information 90 does not include AIR PRES- 
SURE data, and the total volume is further reduced to 
4.5 bytes, to increase the reception ratio. The TRAILER w 
data 92 consisting of [1 1 ] indicates that the detected tire 
air pressure is abruptly lowered. Although the wheel 
information 90 does not enable the indicator 26 to pro- 
vide an indication of the detected tire air pressure, the 
wheel information 90 activates the alarm light of the is 
indicator 26, informing the vehicle operator that the tire 
air pressure of the wheel 10 in question is abnormal. In 
this respect, it is noted that the indication of the tire air 
pressure is not usually essential or necessary, provided 
that the abnormal condition of the wheel tire is indi- 20 
cated. Thus, the wheel information 90 is sufficient in 
most cases. The wheel information 90 may be consid- 
ered to be information for providing an alarm regarding 
the wheel tire condition, or information for indicating an 
abnormality of the wheel tire. 25 
[0050] In the above embodiments, the volume of 
the wheel information is made smaller and the cycle 
time of generation (transmission) of the wheel informa- 
tion is made shorter when the detected tire air pressure 
is lower than the preset value Ps than when it is not 30 
lower than the preset value Ps. However, only the vol- 
ume or the cycle time of generation of the wheel infor- 
mation may be made smaller or shorter. In this case, 
too, the reception ratio of the wheel information can be 
increased. While the above embodiments are adapted 35 
such that the alarm light of the indicator 26 is activated 
only when the detected tire air pressure is abruptly low- 
ered, the alarm light may be activated also when the tire 
air pressure is gradually or slowly lowered. Alternatively, 
the alarm light may be activated when the tire air pres- 40 
sure is lowered below a predetermined alarm threshold 
value Ps 2 (Fig. 3) lower than the preset value Ps, while 
the pressure is lowered at a rate higher than the prede- 
termined threshold. Further alternatively, the alarm light 
may be activated when the tire air pressure is lowered 45 
below the alarm threshold value Ps 2 , irrespective of the 
rate of lowering of the air pressure. The alarm light may 
be replaced by any other indicator means such as a 
buzzer or any other means for providing a warning 
sound or voice message. so 
[0051] It is also possible to set three ranges of the 
tire air pressure defined by a lower limit value Psi lower 
than the preset value Ps, and the above-indicated alarm 
threshold value Ps 2 lower than the lower limit value Ps-i , 
and select one of the three wheel information generat- 55 
ing portions 30, 32, 34, depending upon one of those 
three ranges in which the detected air pressure lies. 
[0052] In the first embodiment of Fig. 4, the IDENTI- 



FICATION data 53 (63, 73) are registered in the receiver 
28. In the embodiment of Fig. 1 1 , the IDENTIFICATION 
data 84 are registered in the receiver 28. However, a 
part (at least one of [ID1], [ID2], [ID3] and [ID4]) of the 
IDENTIFICATION data 53 may be replaced by the 
IDENTIFICATION data 84, to reduce the volume of the 
IDENTIFICATION data registered in the receiver 28. For 
instance, the IDENTIFICATION DATA may consist of 
[ID1], [ID2], [ID5] and [ID6], or [ID3], [ID4], [ID5] and 
[ID6]. 

[0053] In the above embodiments, the IDENTIFI- 
CATION data are transmitted by the transmitter 18, 
immediately following the REGISTRATION MODE sig- 
nal. However, the IDENTIFICATION data may be trans- 
mitted a predetermined time after the transmission of 
the REGISTRATION MODE signal. 
[0054] Referring next to Fig. 12, there will be 
described a fourth embodiment of this invention which 
uses a wheel information generator 100 including a 
detailed wheel information generating portion 102, an 
abridged wheel information generating portion 104, and 
an abnormality information generating portion 106. To 
the input portion of the generator 100, there are con- 
nected not only the air pressure detector 12 and the tire 
temperature detector 1 4 but also a wheel speed detec- 
tor 108. While the rotating speed of the wheel is rela- 
tively high, not only relatively long information D1 but 
also relatively short information D2, may not be cor- 
rectly received due to a noise, as indicated in Fig. 14. 
Thus, the reception ratio of the wheel information tends 
to decrease with an increase in the rotating speed of the 
wheel 10. With this tendency taken into account, the 
present embodiment is adapted such that detailed 
wheel information and abridged wheel information are 
successively transmitted continuously when the 
detected tire air pressure is not lower than the preset 
value, and such that the detailed wheel information, the 
abridged wheel information and abnormality information 
are successively transmitted continuously when the 
detected tire air pressure is lower than the preset value. 
The ratio of reception of at least one of these two or 
three sets of information in the present embodiment is 
higher than the ratio of reception of only one of those 
sets of information which is selectively transmitted at a 
predetermined time interval depending upon the 
detected tire air pressure. 

[0055] Described more specifically, the wheel infor- 
mation generator 100 is arranged to select and activate 
the detailed wheel information generating portion 102 
and the abridged wheel information generating portion 
1 04 when the detected tire air pressure is not lower than 
the preset value and is normal, and to select and acti- 
vate the detailed wheel information generating portion 
102, the abridged wheel information generating portion 
104 and the abnormality information generating portion 
1 06 when the detected tire air pressure is lower than the 
preset value and abnormal. 

[0056] With the detailed and abridged wheel infor- 
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mation generating portions 102, 104 being activated 
when the detected tire air pressure is normal, the wheel 
information generator 100 generates NORMAL wheel 
information 110 consisting of detailed wheel information 
1 12 and abridged wheel information 1 14, as indicated in 5 
Fig. 13. The detailed wheel information 112, which is 
generated by the detailed wheel information generating 
portion 1 02, is the sane as the NORMAL wheel informa- 
tion 50 shown in Fig. 4. The abridged wheel information 
1 14, which is generated by the abridged wheel informa- w 
tion generating portion 1 04, is the same as the ABRUPT 
TIRE PRESSURE REDUCTION wheel information 60 
also shown in Fig. 4. 

[0057] With the detailed and abridged wheel infor- 
mation generating portions 102, 1 04 and the abnormal- is 
ity information generating portion 106 being activated 
when the detected tire air pressure is abnormal, the 
wheel information generator 100 generates ABNOR- 
MAL wheel information 120 consisting of detailed wheel 
information 122, abridged wheel information 124, and 20 
abnormality information 126, as indicated in Fig. 13. 
The detailed wheel information 122 and the abridged 
wheel information 1 24, which are the same as the NOR- 
MAL wheel information 50, are generated by the 
detailed and abridged information generating portions 25 
102, 104, respectively. The abnormality information 
126, which is generated by the abnormality information 
generating portion 106, is the same as the ABRUPT 
TIRE PRESSURE REDUCTION wheel information 90 
shown in Fig. 11. 30 
[0058] Like the TRAILER data 52 described above, 
TRAILER data 130 included in the detailed wheel infor- 
mation 112, 122 represent the total volume of the infor- 
mation 112, 122, and indicate that the information 112, 
122 is the detailed wheel information which includes 35 
both the AIR PRESSURE data 54 and the TIRE TEM- 
PERATURE data 55. Similarly, TRAILER data 132 
included in the abridged wheel information 114, 124 
represent the total volume of the information 114, 124, 
and indicate that the information 114, 124 is the 40 
abridged wheel information which includes the AIR 
PRESSURE data 64 but does not include TIRE TEM- 
PERATURE data. TRAILER data 134 included in the 
abnormality information 126 represent the total volume 
of the information 1 26, and indicate that the information 45 
126 is the abnormality information which merely indi- 
cates that the tire air pressure is abnormal. 
[0059] In the present fourth embodiment wherein 
the different kinds of information are successively and 
continuously transmitted, the ratio of reception of at so 
least one of these kinds of information is higher than the 
reception ratio where one of different kinds of informa- 
tion is selectively transmitted with a predetermined 
cycle time. This arrangement assures a high degree of 
accuracy of detection of abnormality of the tire air pres- 55 
sure, and provides a possibility that the detailed wheel 
information is received by the receiver 28 even while the 
tire air pressure, so that the vehicle operator can be 



informed of the details of the wheel tire condition. 
[0060] Like the first embodiment of Fig. 1 , the fourth 
embodiment of Fig1. 12-13 is adapted such that the 
NORMAL wheel information 110 or the ABNORMAL 
wheel information 120 is selectively transmitted from 
the transmitter 18, depending upon the detected tire air 
pressure of the wheel 10. In this respect, the transmitter 
18 may be considered to have a first and a second 
transmitting portion which are operated when the tire air 
pressure is normal and abnormal, respectively, so that 
the detailed wheel information 112 and the abridged 
wheel information 114 generated by the wheel informa- 
tion generator 100 are successively transmitted by the 
first transmitting portion when the tire air pressure is 
normal, and so that the detailed wheel information 122, 
the abridged wheel information 1 24 and the abnormality 
information 126 generated by the wheel information 
generator 100 are successively transmitted by the sec- 
ond transmitting portion when the tire air pressure is 
abnormal. In this case, the wheel information generator 
1 00 may be adapted to generate all of the three different 
kinds of information 112 (122), 114(124), 126, irrespec- 
tive of whether the detected tire air pressure is lower 
than the preset value or not. 

[0061 ] The wheel information generator 1 00 may be 
modified to include only two of the detailed wheel infor- 
mation generating portion 102, the abridged wheel 
information generating portion 104, and the abnormality 
information generating portion 106. For instance, the 
generator 100 may include the detailed wheel informa- 
tion generating portion 102 and the abnormality infor- 
mation generating portion 106. In this case, the detailed 
wheel information generating portion 102 and the 
abnormality information generating portion 106 are both 
activated when the tire air pressure is abnormal, and 
only the detailed wheel information generating portion 
102 is activated when the tire air pressure is normal. 
That is, ABNORMAL wheel information 140 consisting 
of detailed wheel information 142 and abnormality infor- 
mation 144 as shown in Fig. 15 is generated when the 
tire air pressure is abnormal, and NORMAL wheel infor- 
mation 146 consisting of only the detailed wheel infor- 
mation as also shown in Fig. 15 is generated when the 
tire air pressure is normal. When the different kinds of 
information are transmitted, they may be successively 
transmitted in any order. For instance, the detailed 
wheel information 142 may either precede or follow the 
abnormality information 144, provided the information 
142 and the information 144 are successively transmit- 
ted. 

[0062] While the embodiments described above 
uses both of the air pressure detector 12 and the tire 
temperature detector 14, only one of these detectors 
12,14 may be used. Further, a detector for detecting the 
shape (deformation) of the wheel tire may be provided 
in place of, or in addition to the detectors 12, 14. That is, 
the "wheel information" may include information relating 
to the shape of the tire or the amount or condition of 
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deformation of the tire, as well as information relating to 
the air pressure of the tire, information relating to the 
rate of reduction of the tire air pressure, and information 
relating to the tire temperature. 

[0063] The different information generating portions s 
of the wheel information generator 16, 100 may be 
selectively activated, depending upon the rotating 
speed of the wheel 10. The reception ratio of the wheel 
information having a given volume decreases with an 
increase in the rotating speed of the wheel 10, as dis- 10 
cussed above. In view of this, the wheel information 
generator 100 may be adapted such that the abridged 
wheel information generating portion 104 is activated 
when the wheel speed is higher than a predetermined 
upper limit, and the detailed wheel information generat- is 
ing portion 102 is activated when the wheel speed is not 
higher than the upper limit. The wheel speed detector 
108 may include a centrifugal force detecting portion 
adapted to detect the centrifugal force which increases 
with an increase in the wheel speed. The centrifugal 20 
force detecting portion may be a piezoelectric element 
adapted to detect a radial force which acts on a weight 
disposed on the tire or a tire holding portion of the 
wheel. An electric output signal of the piezoelectric ele- 
ment represents the centrifugal force from which the 25 
rotating speed of the wheel can be obtained. For 
instance, an acceleration sensor may be used for the 
wheel speed detector 108. A strain gage may be used 
as the above-indicated centrifugal force detecting por- 
tion of the wheel speed detector 1 08. 30 
[0064] Referring to Figs. 16-18, there will be 
described a sixth embodiment of the present invention 
wherein both the operation of the wheel information 
generator and the operation of the transmitter depend 
upon the rotating speed of the wheel. 35 
[0065] As illustrated in Fig. 16, a wheel information 
supply device according to this sixth embodiment 
includes a wheel information generator 156 and a trans- 
mitter 166. The wheel information generator 156 
includes a plurality of wheel information generating por- 40 
tions 150, 152, 154, and the transmitter 166 includes a 
plurality of transmitting portions 160, 162, 164. 
[0066] In the present embodiment, only the first 
wheel information generating portion 150 and only the 
first transmitting portion 160 are activated when the 45 
wheel speed Vw is lower than a first threshold value 
Vws(1). The first wheel information generating portion 
150 generates wheel information 170 shown in Fig. 17, 
and the first transmitting portion 160 transmits the 
wheel information 1 70 a predetermined number of times so 
N(1). When the wheel speed Vw is equal to an N-th 
threshold value Vws(n) or higher, the (N+1)th wheel 
information generating portion 154 and the (N+1)th 
transmitting portion 164 are activated. The (N+1)th 
wheel information generating portion 154 generates ss 
wheel information 172 shown in Fig. 1 7, and the (N+1)th 
transmitting portion 164 transmits the wheel information 
1 72 a predetermined number of times (N+1). When the 



wheel speed Vw is lower than a n-th threshold value 
Vws(n) and equal to or higher than a (n-1)th threshold 
value Vws(n-1), the n-th wheel information generating 
portion 152 and the n-th transmitting portion 162 are 
activated. The n-th wheel information generating portion 
152 generates wheel information 174 shown in Fig. 17, 
and the n-th transmitting portion 162 transmits the 
wheel information 1 74 a predetermined number of times 
M(n). In the present sixth embodiment, both the wheel 
information generator 156 and the transmitter 166 are 
controlled depending upon the wheel speed Vw. 
[0067] The n-th threshold value Vws(n) and the 
number of times M(n) increase while the volume of the 
wheel information decreases as the number "n" 
increases from "1" to "N". That is, as the wheel speed 
Vw increases, the volume of the wheel information to be 
transmitted is reduced and the number of times of trans- 
mission of the wheel information is increased. 
[0068] The wheel information is transmitted with a 
predetermined cycle time, namely, at a predetermined 
time interval (e.g., At). 

[0069] The operations of the wheel information gen- 
erator 156 and the transmitter 166 will be described by 
reference to the flow chart of Fig. 18, which illustrates 
wheel information generating and transmitting control 
routine. 

[0070] The routine of Fig. 18 is initiated with step 
S101 to read in the detected tire air pressure and tire 
temperature, which are respectively detected by the air 
pressure detector 12 and the tire temperature detector 
14 with the predetermined cycle time At. Step S101 is 
followed by step S102 to determine whether a preset 
cycle time has passed. If an affirmative decision (YES) 
is obtained in step S102, the control flow goes to step 
S1 03 to read in the wheel speed Vw, and to steps S1 04- 
S106 to determine whether the detected wheel speed 
Vw is equal to or higher than each of n-th threshold 
value Vws(n), more specifically, to determine one of 
three wheel speed ranges in which the detected wheel 
speed Vw lies. The first range has an upper limit equal 
to the first threshold value Vws(1), and the second 
range is defined by a lower limit equal to the (n-1)th 
threshold value Vws(n-1) and an upper limit equal to the 
n-th threshold value Vws(n). The third range has a lower 
limit equal to the N-th threshold value Vws(N). 
[0071] When the detected wheel speed Vw is lower 
than the first threshold value Vws(1), a negative deci- 
sion (NO) is obtained in step S104, and the control flow 
goes to step S107 in which the first wheel information 
generating portion 150 and the first transmitting portion 
170 are selected and activated, so that the first wheel 
information 1 70 generated by the first wheel information 
generating portion 150 is transmitted by the first trans- 
mitting portion 160 the predetermined number of times 
M(1). 

[0072] When the detected wheel speed Vw is equal 
to or higher than the (n-1)th threshold value Vws(n-1) 
and is lower than the n-th threshold value Vws(n), an 
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affirmative decision (YES) is obtained in step S104 
while a negative decision (NO) is obtained in step S105 p 
and the control flow goes to step S 108 in which the n-th 
wheel information generating portion 152 and the n-th 
transmitting portion 162 are activated, so that the n-th 
wheel information 174 generated by the n-th wheel 
information generating device 152 is transmitted by the 
n-th transmitting portion 162 the predetermined number 
of times M(n). 

[0073] When the detected wheel speed Vw is equal 
to or higher than the N-th threshold value Vws(N), an 
affirmative decision (YES) is obtained in steps S104, 
S105 and S106, and the control flow goes to step S109 
in which the (N+1)th wheel generating portion 154 and 
the (N+1)th transmitting portion 164 are activated, so 
that the (N+1)th wheel information 172 generated by the 
(N+1)th wheel information generating portion 154 is 
transmitted by the (N+1)th transmitting portion 164 the 
predetermined number of times M(N+1). 
[0074] In the present sixth embodiment, both the 
operation of the wheel information generator 156 and 
the operation of the transmitter 166 are controlled 
depending upon the wheel speed Vw such that the vol- 
ume of the wheel information to be transmitted 
decreases while the number of times of transmission of 
the wheel information increases, as the wheel speed 
Vw increases. This arrangement is effective to prevent 
reduction in the reception ratio of the wheel information 
when the wheel speed Vw is relatively high. 
[0075] The wheel information generator 156 need 
not include a plurality of wheel information generating 
portions (150, 152, 154) as provided in the above 
embodiment, provided the generator 1 56 is capable of 
generating different kinds of wheel information having 
respective different volumes. Similarly, the transmitter 
166 need not include a plurality of transmitting portions, 
provided the transmitter 166 is capable of transmitting 
the wheel information different number of times. 
[0076] In the sixth embodiment is adapted, the 
selected wheel information generating portion is oper- 
ated only once to generate the corresponding wheel 
information, and the transmitter 166 transmits the sane 
wheel information the predetermined number of times, 
without the wheel information being updated with a 
change in the wheel speed Vw. However, the selected 
wheel information generating portion may be operated 
the predetermined number of times so that the wheel 
information generated by each operation of the wheel 
information generating portion is transmitted. This 
arrangement permits updating of the wheel information 
with a change in the wheel speed Vw. It is also noted 
that the generated wheel information may be transmit- 
ted the predetermined number of times M(n), either 
continuously without a non-transmission time between 
the successive transmissions, or at a predetermined 
time interval with a non -transmission time between the 
successive transmissions. In the latter case, the fre- 
quency of transmission of the wheel information 



increases with a decrease in the volume of the wheel 
information. 

[0077] Referring next to Figs. 19-22, there will be 
described a seventh embodiment of this invention, 

5 which includes a wheel information generator 200 and a 
transmitter 208. The wheel information generator 200 
includes a low-speed wheel information generating por- 
tion 202, a medium-speed wheel information generating 
portion 204 and a high-speed wheel information gener- 

10 ating portion 206. The transmitter 208 includes a low- 
speed transmitting portion 210, a medium-speed trans- 
mitting portion 212 and a high-speed transmitting por- 
tion 214. 

[0078] The low-speed, medium-speed and high- 
15 speed wheel information generating portions 202, 204, 
206 respectively generate the first wheel information 
170, the (N+1)th wheel information 174 and the n-th 
wheel information 172 as low-speed wheel information, 
medium-speed wheel information and high-speed 
20 wheel information. These generating portions 202, 204, 
206 are all activated to generate the respective kinds of 
wheel information 170, 174, 172 with a predetermined 
cycle time. 

[0079] The low-speed, medium-speed and high- 

25 speed transmitting portions 210, 212, 214 of the trans- 
mitter 208 are arranged to transmit the above-indicated 
three kinds of wheel information 170, 174, 172 accord- 
ing to respective three transmission patterns shown in 
Fig. 21. One of these three transmitting portions 210, 

30 212, 214 is selected depending upon the detected 
wheel speed Vw. In all of the three transmission pat- 
terns (low-speed, medium-speed and high-speed trans- 
mission patterns), all of the three kinds of wheel 
information 170, 172, 174 are transmitted. However, the 

35 three transmission patterns have different proportions 
of the numbers of transmission of the individual kinds of 
wheel information per each transmitting operation of the 
transmitter 208. The transmission patterns are stored in 
the ROM of the transmitter 208. 

40 [0080] One of the three transmitting portions 210, 
212, 214 which operate according to the respective 
transmission patterns is selected and activated depend- 
ing upon the detected wheel speed Vw, according to a 
transmitting portion selecting routine illustrated in the 

45 flow chart of Fig. 20. 

[0081 ] The routine of Fig. 20 has steps S1 51 , S1 52 
and S153 which are identical with step S101 , S102 and 
S103 in Fig. 18. Step S153 is followed by step S154 to 
determine one of three ranges in which the detected 

50 wheel speed Vw lies. Namely, when the wheel speed 
Vw is lower than a threshold Vs2, the control flow goes 
to step S155 to select and activate the low-speed trans- 
mitting portion 210, so that the low-speed transmitting 
portion 210 is operated according to the low-speed 

55 transmission pattern to first transmit the low-speed 
wheel information 170 a predetermined first number of 
times L1 , then transmit the medium-speed wheel infor- 
mation 174 a predetermined second number of times 
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L2, and finally transmit the high-speed wheel informa- 
tion 172. According to the low-speed transmission pat- 
tern, L1 ^ L2 i= L3. 

[0082] Then the detected wheel speed Vw is equal 
to or higher than the threshold Vs2 and lower than a s 
threshold Vs1, the control flow goes to step S156 to 
select and activate the medium-speed transmitting por- 
tion 212, so that the medium-speed transmitting portion 
212 is operated according to the medium-speed trans- 
mission pattern to first transmit the low-speed wheel w 
information 170 a predetermined first number of times 
M1, then transmit the medium-speed wheel information 
174 a predetermined second number of times M2, and 
finally transmit the high-speed wheel information 172 a 
predetermined third number of times M3. According to 15 
the medium-speed transmission pattern, M2 i= M1 i= 
M3, or M2^M3^M1. 

[0083] When the detected wheel speed Vw is equal 
to or higher than the threshold Vs1, the control flow 
goes to step S157 to select and activate the high-speed 20 
transmitting portion 214, so that the high-speed trans- 
mitting portion 214 is operated according to the high- 
speed transmission pattern to first transmit the low- 
speed wheel information 170 a predetermined first 
number of times H1, then transmit the medium-speed 25 
wheel information 174 a predetermined second number 
of times H2, and finally transmit the high-speed wheel 
information 172 a predetermined third number of times 
H. According to the high-speed transmission pattern, 
H1 ^ H2 ^ H3. 30 
[0084] As explained above, the reception ratio of 
the wheel information decreases with an increase in the 
rotating speed of the wheel 10, and decreases with an 
increase in the volume of the wheel information while 
the wheel speed is constant. As indicated in Fig. 22, the 35 
wheel speed at which the reception ratio falls below a 
permissible lower limit decreases with an increase in 
the volume of the wheel information. When the wheel 
speed Vw is lower than the threshold Vs2, the low- 
speed wheel information 170 having a relatively large 40 
volume can be received with a relatively high reception 
ratio. When the wheel speed Vw is higher than the 
threshold Vs1, however, the reception ratio of the low- 
speed wheel information 1 70 is lowered below the per- 
missible lower limit. On the other hand, the reception 45 
ratios of the medium-speed wheel information 1 74 and 
the high-speed wheel information 172 are higher than 
the permissible lower limit, even after the wheel speed 
Vw is higher than the threshold Vs1, until the wheel 
speed has increased to respective upper limits. Accord- 50 
ingly, the medium-speed wheel information 172 and 
high-speed wheel information 174 having relatively 
small volumes are transmitted when the wheel speed 
Vw is relatively high. In this case, the total volume of the 
wheel information is relatively small, and the number of 55 
items represented by the wheel information is reduced. 
[0085] On the other hand, the reception ratio can be 
increased by increasing the number of transmissions of 



the wheel information. In this case, however, the 
required amount of electric energy is increased, and the 
service life of the battery used in the transmitter 208 is 
shortened. 

[0086] In the present seventh embodiment wherein 
the different kinds of wheel information 170, 172, 174 
are transmitted irrespective of the wheel speed Vw, the 
ratio of the number of the small-volume wheel informa- 
tion (172; 172, 174) to the number of the large-volume 
wheel information (170; 170, 174) is increased with an 
increase in the wheel speed Vw, so that the reception 
ratio is made relatively high even when the vehicle 
speed is relatively high. This arrangement has a possi- 
bility that the large-volume wheel information can be 
received when the vehicle speed is relatively high, so 
that the number of items represented by the received 
wheel information can be made relatively large even 
when the vehicle speed is relatively high. 
[0087] Then, the numbers of times Ln, Mn and Hn 
(n = 1 , 2, 3) of transmission of the wheel information 
when the vehicle speed Vw is low, medium and high will 
be considered. 

[0088] Where the following inequality relationships 
are satisfied, the proportions of the numbers of times of 
transmission of the three kinds of wheel information 
170, 172, 174 when the vehicle speed is low, medium 
and high are different from each other: 

L1 > L2 > L3 

M2 > M1 > M3 

H1 < H2 < H3 

[0089] Where the numbers of times of transmission 
of the three kinds of wheel information 1 70, 1 72, 1 74 for 
each wheel speed range are equal to each other 
(L1 = L2 = L3 , M2 = M1 = M3 , H1 = H2 = H3 ), the 
proportions of the numbers of the three kinds of wheel 
information corresponding to the three wheel speed 
ranges are equal to each other. However, the transmis- 
sion patterns can be made different for the three wheel 
speed ranges, if the total number of times L1 , L2 and 
L3, the total number of times M2, M1 , M3 and the total 
number of times H1 , H2 and H3 are different from each 
other. For example, if the total number of times Mn and 
the total number of times Hn are larger than the total 
number of times Ln, the reception ratios of the medium- 
speed and high-speed wheel information 174, 172 can 
be increased. Even where the numbers of the three 
kinds of wheel information for each wheel speed range 
are equal to each other and the total numbers of times 
Ln, Mn, Hn are equal to each other, the different trans- 
mission patterns can be obtained for the three wheel 
speed ranges, if the transmission cycle times are differ- 
ent for the respective three wheel speed ranges. 
[0090] Where two of the three numbers of times of 
transmission of the low-speed, medium-speed and 



24 



47 



EP1 013 483 A2 



48 



high-speed wheel information 170, 174, 172 are equal 
to each other for each wheel speed range, for instance, 
where L1 = L2 > L3 , M2 > M1 = M3 , and 
H1 < H2 = H3 , the proportions of the numbers of times 
of transmission for the three wheel speed ranges are 
different from each other. 

[0091] It is also possible that the numbers of times 
of transmission of the three kinds of wheel information 
are equal to each other for one of the three wheel speed 
ranges, while those for the other speed ranges are dif- 
ferent from each other. For instance, L1 = L2 = L3 , 
M2 > M1 = M3 , H1 = H2 < H3 , or alternatively, 
L1 = L2 = L3 , M2 > M1 > M3 , H1 < H2 < H3 . In this 
case, too, the proportions of the numbers of times of 
transmission of the three kinds of wheel information can 
be made different from each other. 
[0092] Other combinations of transmission patterns 
for the three different wheel speed ranges may be 
employed. 

[0093] In the seventh embodiment, the low-speed 
wheel information 170, medium-speed wheel informa- 
tion 174 and high-speed wheel information 172 are all 
generated and transmitted, irrespective of the wheel 
speed. However, all of the three kinds of wheel informa- 
tion need not be transmitted. Namely, at least one of L1 , 
L2, L3, M1, M2, M3, H1, H2 and H3 may be zero. For 
improved reception ratio, M2, M3 and H3 are desirably 
"1" or larger. That is, it is desirable to transmit the 
medium-speed wheel information 174 and the high- 
speed wheel information 172 when the wheel speed is 
in the medium range, and transmit the high-speed 
wheel information 172 when the wheel speed is in the 
high range. 

[0094] Further, the order of transmission of the 
three kinds of wheel information 170, 174, 172 can be 
changed depending upon the detected wheel speed 
Vw. That is, the low-speed wheel information 1 70 is ini- 
tially transmitted when the wheel speed is in the low 
range, and the medium-speed wheel information 174 is 
initially transmitted when the wheel speed is in the 
medium range. Further, the high-speed wheel informa- 
tion 172 is initially transmitted when the wheel speed is 
in the high range. When the same wheel information 
(e.g., 170) is transmitted two or more times, the trans- 
missions need not be successive, and the different 
kinds of wheel information 170, 172, 174 may be trans- 
mitted at random. For instance, the wheel information 
170 may be transmitted immediately before and after 
the wheel information 174. 

[0095] Fig. 23 shows a combination of generation 
patterns for the three different wheel speed ranges, 
according to an eighth embodiment of the invention. In 
this case, each of the three kinds of wheel information 
generated is transmitted only once or a predetermined 
number of times, according to a predetermined rule. 
When the wheel speed is in the low range, the low- 
speed wheel information 1 70, the medium-speed wheel 
information 174 and the high-speed wheel information 



172 are generated in this order. When each of these 
three kinds of information 170, 174, 172 is generated, it 
is transmitted. When the wheel speed is in the medium 
range, the medium-speed wheel information 174, the 

5 high-speed wheel information 172 and the low-speed 
wheel information 170 are generated in this order. 
When the wheel speed is in the high range, the high- 
speed wheel information 172, the medium-speed wheel 
information 174 and the low-speed wheel information 

w 170 are generated in this order. The wheel information 
is generated and transmitted with the predetermined 
cycle time At, so that the wheel information received can 
be updated with a change in the wheel condition (tire air 
pressure). 

15 [0096] While the presently preferred embodiments 
of this invention have been described above, for illustra- 
tive purpose only, it is to be understood that the inven- 
tion may be embodied with various changes, 
modifications and improvements, which may occur to 

20 those skilled in the art, in the light of the foregoing 
teachings including those described in the SUMMARY 
OF THE INVENTION. 

[0097] A vehicle wheel information supply device 
for supplying wheel information relating to a state of a 

25 wheel (1 0) of a vehicle, including a wheel state detector 
(12, 14, 108) for detecting the state of the wheel, a 
wheel information generator (16, 100, 156) for generat- 
ing the wheel information relating to the state of the 
wheel, on the basis of an output of the wheel state 

30 detector, a transmitter for transmitting the wheel infor- 
mation, and a receiver (28) which receives the wheel 
information transmitted by the transmitter, the wheel 
state detector, the wheel information generator and the 
transmitter being disposed on the wheel while the 

35 receiver being disposed on a body of said vehicle, 
wherein the wheel information generator is capable of 
selectively generating different kinds of wheel informa- 
tion having respective different volumes, and at least 
one of the wheel information generator and the trans- 

40 mitter (18, 166, 208) operates in a manner which 
changes depending upon at least one parameter indic- 
ative of the state of the wheel (10), which at least one 
parameter is detected by the wheel state detector. 

45 Claims 

1 . A vehicle wheel information supply device for sup- 
plying wheel information relating to a state of a 
wheel (10) of a vehicle, including a wheel state 

so detector for detecting the state of the wheel, a 
wheel information generator for generating the 
wheel information relating to the state of the wheel, 
on the basis of an output of said wheel state detec- 
tor, a transmitter for transmitting said wheel infor- 

55 mation, and a receiver (28) which receives said 
wheel information transmitted by said transmitter, 
said wheel state detector, said wheel information 
generator and said transmitter being disposed on 
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said wheel while said receiver being disposed on a 
body of said vehicle, said vehicle wheel information 
supply device being characterised in that: 

said wheel information generator (16, 100, 156, 
200) is capable of selectively generating differ- 
ent kinds of wheel information having respec- 
tive different volumes, and at least one of said 
wheel information generator and said transmit- 
ter (18, 166, 208) operates in a manner which 
changes depending upon at least one parame- 
ter indicative of said state of said wheel (10), 
which at least one parameter is detected by 
said wheel state detector (12, 14, 108). 

2. A vehicle wheel information supply device accord- 
ing to claim 1 , wherein said wheel information gen- 
erator (16, 100, 156) operates in a manner which 
changes depending upon said at least one parame- 
ter indicative of the state of said wheel detected by 
said wheel state detector (12, 14, 108). 

3. A vehicle wheel information supply device accord- 
ing to claim 1 or 2, wherein said wheel information 
generator comprises a first wheel information gen- 
erating portion (30, 102, 150, 202) for generating 
first wheel information having a first volume, and a 
second wheel information generating portion (32, 
34, 104, 106, 152, 154, 204, 206) for generating 
second wheel information having a second volume 
smaller than said first volume, said first and second 
wheel information generating portions being acti- 
vated to generate said first wheel information and 
said second wheel information as said different 
kinds of wheel information, depending upon said at 
least one parameter indicative of said state of said 
wheel (10) detected by said wheel state detector 
(12, 14, 108). 

4. A vehicle wheel information supply device accord- 
ing to claim 3, wherein said second wheel informa- 
tion generating portion (32, 34, 104, 106, 152, 154, 
204, 206) is activated when a value of each of said 
at least one parameter becomes larger or smaller 
than a predetermined threshold, said at least one 
parameter being selected from a plurality of param- 
eters including a rotating speed of said wheel. 

5. A vehicle wheel information supply device accord- 
ing to claim 3 or 4, wherein said at least one param- 
eter includes a rotating speed of said wheel (10), 
and said second wheel information generating por- 
tion (102, 104, 152, 154, 204, 206) is activated 
when said rotating speed of the wheel becomes 
higher than a predetermined threshold. 

6. A vehicle wheel information supply device accord- 
ing to any one of claims 3-5, wherein said wheel 



information generator (100, 156) further comprises 
commanding means for activating said second 
wheel information generating portion (32, 34, 104, 
106, 152, 154, 204, 206) when a value of each of 
5 said at least one parameter becomes larger or 
smaller than a predetermined threshold, said at 
least one parameter being selected from a plurality 
of parameters including a rotating speed of said 
wheel. 

10 

7. A vehicle wheel information supply device accord- 
ing to any one of claims 3-6, wherein said first and 
second wheel information generating portions (102, 
104, 106) are both activated to generate said first 

15 wheel information (122, 142) and said second 
wheel information (124, 126, 144) when a value of 
each of said at least one parameter becomes larger 
or smaller than a predetermined threshold, said at 
least one parameter being selected from a plurality 

20 of parameters including a rotating speed of said 
wheel, said transmitter transmitting said first and 
second wheel information successively to said 
receiver (28). 

25 8. A vehicle wheel information supply device accord- 
ing to any one of claims 3-7, wherein said second 
wheel information generating portion (34, 106) is 
activated when said at least one parameter 
detected by said wheel state detector (12, 14, 108) 

30 indicates an abnormal state of said wheel (10), said 
second wheel information including abnormality 
data (92, 134) indicative of said abnormal state of 
said wheel and not including any wheel state quan- 
tity data (54, 55, etc.) indicative of the state of the 

35 wheel. 

9. A vehicle wheel information supply device accord- 
ing to any one of claims 1-8, wherein said different 
kinds of wheel information include at least one kind 

40 of information (50, 60, 70, 90, 82, 112, 114, 122, 
124, 142, 146, 170, 172, 174) each of which 
includes primary information (54, 55, 64, 74, 75) 
indicative of the state of said wheel, and ancillary 
information (51, 52, 53, 56, 57, etc.), said primary 

45 information and said ancillary information being 
transmitted by said transmitter as a unit of informa- 
tion. 

10. A vehicle wheel information supply device accord- 
50 ing to claim 9, wherein said ancillary information 

include header/trailer information (51, 52, 61, 62, 
71 , 72, 92, 130, 132, 134) indicative of at least one 
of opposite ends of said unit of information. 

55 11. A vehicle wheel information supply device accord- 
ing to any one of claims 1-10, wherein at least one 
of said wheel information generator and said trans- 
mitter operates in one of a plurality of different 
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modes which is selected depending upon a rotating 
speed of said wheel (10) which is detected by said 
wheel state detector (108). 

12. A vehicle wheel information supply device accord- s 
ing to any one of claims 1-11, wherein said wheel 
information generator (16) comprises normal-fre- 
quency wheel information generating portion (30) 

for generating the wheel information (50) at a pre- 
determined first frequency, and a high-frequency 10 
wheel information generating portion (32, 34) for 
generating the wheel information (60, 70, 80, 82, 
90) at a predetermined second frequency higher 
than said first frequency, said first and second 
wheel information generating portions being acti- is 
vated to generate said first wheel information and 
said second wheel information as said different 
kinds of wheel information, depending upon said at 
least one parameter indicative of said state of said 
wheel (10) detected by said wheel state detector 20 
(12, 14). 

13. A vehicle wheel information supply device accord- 
ing to any one of claims 1-12, wherein said trans- 
mitter (18, 166, 208) operates in a manner which 25 
changes depending upon said at least one parame- 
ter indicative of the state of said wheel detected by 
said wheel state detector (12, 14, 108). 

14. A vehicle wheel information supply device accord- 30 
ing to any one of claims 1-13, wherein said trans- 
mitter (18, 166, 208) comprises transmission 
controlling means for controlling the number of 
times of transmission of said wheel information 
such that said number of times of transmission is 35 
larger when a value of each of said at least one 
parameter indicative of the state of said wheel 
detected by said wheel state detector (12, 14, 108) 

is larger or smaller than a predetermined threshold, 
than when said value is not larger or smaller than 40 
said predetermined threshold, said at least one 
parameter being selected from a plurality of param- 
eters including a rotating speed of said wheel. 

15. A vehicle wheel information supply device for sup- 45 
plying wheel information relating to a state of a 
wheel (10) of a vehicle, including a wheel state 
detector for detecting the state of the wheel, a 
wheel information generator for generating the 
wheel information relating to the state of the wheel, so 
on the basis of an output of said wheel state detec- 
tor, a transmitter for transmitting said wheel infor- 
mation, and a receiver (28) which receives said 
wheel information transmitted by said transmitter, 
said wheel state detector, said wheel information 55 
generator and said transmitter being disposed on 
said wheel while said receiver being disposed on a 
body of said vehicle, said vehicle wheel information 



supply device being characterised in that: 

said wheel information generator (16, 100, 156, 
200) is capable of generating different kinds of 
wheel information having respective different 
volumes; and 

said wheel information generator includes a 
wheel information supply control device (16, 
18, 100, 156, 166, 200, 208) for controlling at 
least one of an operation of said wheel informa- 
tion generator and an operation of said trans- 
mitter (18, 166, 208), for thereby controlling a 
condition in which said wheel information is 
supplied, depending upon at least one parame- 
ter indicative of said state of said wheel (10), 
which at least one parameter is detected by 
said wheel state detector (12, 14, 108). 

1 6. A vehicle wheel information supply device for sup- 
plying wheel information relating to a state of a 
wheel (10) of a vehicle, including a wheel state 
detector for detecting the state of the wheel, a 
wheel information generator for generating the 
wheel information relating to the state of the wheel, 
on the basis of an output of said wheel state detec- 
tor, a transmitter for transmitting said wheel infor- 
mation, and a receiver (28) which receives said 
wheel information transmitted by said transmitter, 
said wheel state detector, said wheel information 
generator and said transmitter being disposed on 
said wheel while said receiver being disposed on a 
body of said vehicle, said vehicle wheel information 
supply device being characterised in that: 

said wheel information generator (16, 100, 156, 
200) includes an information volume changing 
device (30, 32, 34, 102, 104, 106, 150, 152, 
154, 202, 204, 206) for changing a volume of 
said wheel information depending upon at least 
one parameter indicative of the state of said 
wheel (10), which at least one parameter is 
detected by said wheel state detector (12, 14, 
108). 

17. A vehicle wheel information supply device accord- 
ing to any one of claims 3-16, wherein said wheel 
state detector includes an air pressure detector (1 2) 
for detecting an air pressure in a tire of said wheel 
(10), and said wheel information includes air pres- 
sure data (54, 64, 74) relating to the air pressure 
detected by said air pressure detector. 

18. A vehicle wheel information supply device accord- 
ing to claim 1 7, wherein said second wheel informa- 
tion generating portion (34, 106) is activated to 
generate said second wheel information (60, 80, 
90, 126) when a rate of reduction of said air pres- 
sure detected by said air pressure detector is 
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higher than a predetermined threshold. 

1 9. A vehicle wheel information supply device accord- 
ing to claim 1 7, wherein said second wheel informa- 
tion generating portion (32, 104) is activated to 5 
generate said second wheel information (70, 82, 
114, 124) when said air pressure detected by said 

air pressure detector is lower than a preset value. 

20. A vehicle wheel information supply device accord- w 
ing to any one of claims 17-19, wherein said second 
wheel information generating portion (34) is acti- 
vated to generate said second wheel information 
(90) when a state of reduction of said air pressure 
detected by said air pressure detector is abnormal is 
and an operator of the vehicle must be informed of 
this abnormal state of reduction of the air pressure, 
said second wheel information including tire air 
pressure abnormality data indicative of said abnor- 
mal state of reduction of the air pressure and not 20 
including any data indicative of said air pressure 
detected by said air pressure detector. 

21 . A vehicle wheel information supply device accord- 
ing to claim 1 7, wherein said first wheel information 25 
generating portion (30, 102) and said second wheel 
information generating portion (34, 106) are acti- 
vated to generate said first wheel information (122, 

1 42) and said second wheel information (1 26, 1 44), 
respectively, when a state of reduction of said air 30 
pressure detected by said air pressure detector is 
abnormal and an operator of the vehicle must be 
informed of this abnormal state of reduction of the 
air pressure, said first wheel information including 
both data indicative of said air pressure detected by 35 
said air pressure detector and tire air pressure 
abnormality data indicative of said abnormal state 
of reduction of the air pressure, said second wheel 
information including said tire air pressure abnor- 
mality data indicative of said abnormal state of 40 
reduction of the air pressure and not including data 
indicative of said air pressure, said transmitter 
transmitting to said receiver said first wheel infor- 
mation and said second wheel information succes- 
sively. 45 

22. A vehicle wheel information supply device accord- 
ing to any one of claims 1 7-21 , wherein said wheel 
state detector further includes a tire temperature 
detector (1 4) for detecting a temperature of a tire of so 
said wheel (10), and said first wheel information 
(50, 70, 112, 122, 142, 146) is a unit of information 
consisting of (a) primary information including said 

air pressure data and tire temperature data indica- 
tive of the temperature of said tire, and (b) ancillary 55 
information, while said second wheel information 
(60, 80, 114, 124) is a unit of information consisting 
of (c) primary information including said air pres- 
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sure data and not including said tire temperature 
data and (d) ancillary information. 

23. A vehicle wheel information supply device accord- 
ing to any one of claims 17-22, wherein said wheel 
information generator includes high-frequency 
wheel information generating portion (32, 34) for 
generating the wheel information (60, 70, 80, 82, 
90) at a higher frequency when a value of each of at 
least one parameter relating to said air pressure of 
the tire of said wheel (1 0) detected by said air pres- 
sure detector is larger or smaller than a predeter- 
mined threshold, than when said value is not larger 
or smaller than said predetermined threshold. 

24. A vehicle wheel information supply device accord- 
ing to any one of claims 17-23, wherein said trans- 
mitter (18) operates in a manner which changes 
depending upon at least one of said air pressure of 
the tire of said wheel and a rotating speed of said 
wheel. 

25. A vehicle wheel information supply device accord- 
ing to any one of claims 17-24, wherein said trans- 
mitter (18) comprises transmission controlling 
means for controlling the number of times of trans- 
mission of said wheel information such that said 
number of times of transmission is larger when a 
value of each of at least one parameter relating to 
said air pressure of the tire of said wheel is larger or 
smaller than a predetermined threshold, than when 
said value of each of said at least one parameter 
relating to said air pressure is not larger or smaller 
than said predetermined threshold. 

26. A vehicle wheel information supply device for sup- 
plying wheel information relating to a state of a 
wheel (10) of a vehicle, including an air pressure 
detector (12) for an air pressure in a tire of said 
wheel, an air pressure information generator for 
generating air pressure information relating to the 
air pressure of the wheel, on the basis of an output 
of said air pressure detector, a transmitter for trans- 
mitting said air pressure information, and a receiver 
(28) which receives said air pressure information 
transmitted by said transmitter, said air pressure 
detector, said air pressure information generator 
and said transmitter being disposed on said wheel 
while said receiver being disposed on a body of 
said vehicle, said vehicle wheel information supply 
device being characterised in that: 

said air pressure information generator (16, 
100) includes an information volume changing 
device (30, 32, 34, 102, 104, 106) for changing 
a volume of said air pressure information 
depending upon at least one parameter relat- 
ing to the air pressure of said wheel (10), which 
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at least one parameter is detected by said air 
pressure detector (12). 

27. A vehicle wheel information supply device accord- 
ing to any one of claims 1 -26, wherein said receiver 5 
(28) includes a controller (24) for changing a mode 

of operation of said receiver from a reception 
standby mode to a registration mode when said 
receiver receives a registration mode signal 
received from said transmitter (18, 166, 208), said 10 
receiver normally processing said wheel informa- 
tion received from said transmitter when said 
receiver is placed in said reception standby mode, 
and registering identification data received from 
said transmitter when said receiver is placed in said is 
registration mode, said wheel information including 
said identification data which identify said transmit- 
ter. 

28. A vehicle wheel information supply device accord- 20 
ing to claim 27, wherein said transmitter transmits 
said registration mode signal to said receiver while 
said receiver is incapable of receiving information 
from a transmitter provided on a wheel of another 
vehicle and when said vehicle wheel information 25 
supply device is placed in a predetermined state. 

29. A vehicle wheel information supply device accord- 
ing to claim 28, wherein said transmitter transmits 
said identification data following said registration 30 
mode signal, so that said identification data are reg- 
istered in said receiver immediately after said regis- 
tration mode is established by said controller 
according to said registration mode signal. 

35 

30. A vehicle wheel information supply device for sup- 
plying wheel information relating to a state of a 
wheel (10) of a vehicle, including a wheel state 
detector for detecting the state of the wheel, a 
wheel information generator for generating the 40 
wheel information relating to the state of the wheel, 

on the basis of an output of said wheel state detec- 
tor, a transmitter for transmitting said wheel infor- 
mation, and a receiver (28) which receives said 
wheel information transmitted by said transmitter, 45 
said wheel state detector, said wheel information 
generator and said transmitter being disposed on 
said wheel while said receiver being disposed on a 
body of said vehicle, said vehicle wheel information 
supply device being characterised in that: so 



ume smaller than said first volume, at least one 
of said first and second wheel information gen- 
erating portions being activated to generate at 
least one of said first wheel information and 
said second wheel information, depending 
upon at least one parameter indicative of said 
state of said wheel (10), which at least one 
parameter is detected by said wheel state 
detector (12, 14, 108). 

31. A vehicle wheel state indicator comprising: 

a vehicle wheel information supply device 
according to any one of claims 1-16; and 
an information output device (26) informing an 
operator of the vehicle, of the state of said 
wheel (10), on the basis of said wheel informa- 
tion received by said receiver (28) of said vehi- 
cle wheel information supply device. 

32. A vehicle wheel tire abnormality indicating device 
comprising: 

a vehicle wheel information supply device 
according to claim 17; and 
an indicating device (26) informing an operator 
of the vehicle that the air pressure in the tire is 
abnormal, when said receiver (28) receives 
said second wheel information (60, 80, 90, 126, 
144) which include tire abnormality data (62, 
92, 134) indicating that a state of reduction of 
said air pressure detected by said air pressure 
detector or temperature detected by said tem- 
perature detector is abnormal. 



said wheel information generator comprises a 
first wheel information generating portion (30, 
102, 150, 202) for generating first wheel infor- 
mation having a first volume, and a second 55 
wheel information generating portion (32, 34, 
104, 106, 152, 154, 204, 206) for generating 
second wheel information having a second vol- 
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